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SCHWAGERINA VERSUS PSEUDOSCHWAGERINA AND 
PARASCHWAGERINA 


CARL O. DUNBAR, Yale University, New Haven, Connecticut, and 
JOHN W. SKINNER, Midland, Texas 


ABSTRACT 


This paper presents the first critical study, based upon sections, of the genotype of 
Schwagerina. Ehrenberg’s original types of Borelis princeps are quite different from the form 
now commonly identified as Schwagerina princeps. 

The genus Schwagerina is redefined in accordance with its genotype, taking the place of 
Pseudofusulina, which is suppressed as a synonym. 

The inflated fusulines with a tightly coiled juvenarium, currently identified as Schwagerina, 


are left without a name. Two independent tri 


s are here recognized and for these the generic 


names Pseudoschwagerina and Paraschwagerina, respectively, are proposed. 


INTRODUCTION 


The fusuline genus Schwagerina 
has commanded great interest of re- 
cent years as an index to the Lower 
Permian formations, and the ‘‘zone 
of Schwagerina”’ is now recognized 
throughout the Northern Hemi- 
sphere. Unfortunately, the genus was 
based upon types that were never 
sectioned and have not been re- 
studied since the brief original de- 
scription of Borelis princeps by 
Ehrenberg almost a hundred years 
ago. These types are still preserved 
in the collections of the Geological- 
Paleontological Institute at the Uni- 
versity of Berlin and, through the 
good offices of Dr. Otto H. Schinde- 
wolf and the kindness of Dr. W. O 
Dietrich, have been entrusted to us 
for study. For this privilege we are 
deeply grateful. 

The structure of the genotype 
proves to be quite different from that 
now associated with the name Schwa- 
gerina and it is, therefore, necessary 
to redefine the genus in accordance 


with its genotype and to find a new 
name for the forms now known as 
Schwagerina. 


THE GENOTYPE OF SCHWAGERINA 


In 1877 (4, p. 143) Von Miller rede- 
fined Fusulina, the only fusuline then 
recognized, and proposed three new 
genera, Schwagerina, Hemifusulina 
and Fusulinella. The last two were 
based on the peculiar structure of the 
wall or the septa, and the first two 
were separated on general form, 
Fusulina embracing the slender or 
subcylindrical species and Schwager- 
ina the globular and thickly fusiform 
types. Later it was observed that 
some of the latter possessed tightly 
coiled juvenile whorls followed by 
an abrupt inflation. Eventually this 
tightly coiled juvenarium came to be 
considered the diagnostic feature of 
Schwagerina. 

No species were described at the 
time of the generic diagnosis, but the 
genotype was designated in the fol- 
lowing words: “Als eine typische 
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orm derselben sehe ich die Porelis 
princeps Ehrenb. an.*”’ The footnote 
reads: ‘““Ehrenb.: zur Mikrogeologie, 
1854, tab. XX XVII, X, C, figs. 1-4." 
In the discussion Médller indicated 
that he would include also in this 
genus Fusulina robusta Meek, Borelis 
spheroidea Ehr. and Borelis hoeferi 
Stache. The two last species he later 
transferred to Fusulinella and it is 
improbable that he had seen Meek’s 
species. The original diagnosis, in 
any event, clearly fixed the genotype 
of Schwagerina as Borelis princeps 
-hrenberg. 

The original description of this 
species was given before the Prussian 
Academy in 1842, when Ehrenberg 
reported on a few specimens of fos- 
siliferous ‘‘Mountain limestone”’ 
brought back from Russia by Key- 
serling and Blasius and by Helmer- 
sen. The types of Borelis princeps 
were in a piece of cherty limestone 
secured by von Helmersen in Pinega 
Valley, Archangel. Ehrenberg’s de- 
scription (2, p. 274) consisted of two 
sentences only, as follows: ‘Eine 
dritte, weit grésere Art, welche 2 
Linien im Durchmesser hat, entheil- 
ten die von Herrn. v. Helmersen 
iibersandten Hornsteine des Berg- 
kalks, aber verkieselt. Diese Art wird 
als Borelis Princeps bezeichnet.’’ The 
illustrations appeared, without text, 
twelve years later in Ehrenberg’s 
Mikrogeologie. On Plate 37 of f this 
great volume, Ehrenberg grouped 
figures of 15 unrelated collections, 
designating each group by a Roman 
numeral. Of these, group X bears the 
legend, ‘‘Melonien- und Alveolinen- 
Bergkalk von Russland,” with a 


bibliographic reference to the paper 
of 1842. This group includes four 
independent lots, labeled A to D 
respectively, and of these C bears the 
legend, ‘‘Melonien- und Alveolinen- 
Hornstein des Bergkalks der Pinega 
(Dwina), Archangel. Helmersen. 
Massenansicht.”’ This group, repro- 
duced as figure 1 in our Plate 10, 
shows a view of one end of the piece 
of stone and six individual figures of 
the contained fossils. These are 
labeled as follows: 


Fic. 1—Borelis princeps, natiirl. grésse 
2-4—-Borelis princeps, 4 mal vergr. 
5—Alveolina montipara 
a. naturl., b. 4 mal vergr. 


It is clear, therefore, that the illus- 
trated material is that upon which 
the species was based. The authen- 
ticity of the material before us can- 
not be questioned for it has been 
preserved at Berlin with Ehrenberg’s 
collection and is labeled as the types 
of the species. Moreover, the general 
view of the specimen shown in 
Ehrenberg’s figure C can be cer- 
tainly identified as a part of one end 
of the specimen before us, as shown 
in figures 1 and 2 of our Plate 10. It 
is almost certain that Ehrenberg’s 
figures 1 to 3 are reconstructions 
from the shells standing in relief on 
the upper surface of the rock. This 
may be inferred because there are no 
free specimens now preserved, and 
in the original description Ehrenberg 
spoke only of a piece of hornstone 
which included the specimens. It 
would be impossible to free speci- 
mens from this cherty matrix and, 
moreover, there were no toolmarks 
upon it. Figure 4, showing a cross 
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section, is too crude to identify with 
certainty, but appears to be a mirror 
reflection of a natural section exposed 
on the broken face of the rock. 

The study of this material has pre- 
sented exceptional difficulties. For- 
tunately the rock is filled with speci- 
mens, over 100 of which appear on 
its surfaces, but it is entirely silici- 
fied and the shell walls have largely 
taken on a glassy clearness. They are 
partially covered with microscopic 
spherules of silica apparently de- 
posited before the wall was replaced. 
These appear opaque in the sections, 
and in places help to outline the sur- 
face of the wall, which is otherwise 
indistinct, though in the inner volu- 
tions they tend to obscure the de- 
tails. Because of the historical sig- 
nificance of this small specimen, we 
have taken great pains to remove a 
portion for sectioning without dam- 
aging the upper surface which shows 
several specimens in relief, or mar- 
ring the end that was figured by 
Ehrenberg. We have prepared 18 thin 
sections, of which 11 are axial and 7 
sagittal. All of these cut the prolo- 
culum, but in several the preserva- 
tion is not good at the center. 

It is evident from our sections that 
S. princeps and S. montipara are 
closely allied, if not merely extremes 
of one species. Ehrenberg based the 
latter on the most slender type in the 
rock and the former on the most 
gibbous. Without making sections or 
giving the material critical study, he 
did not consider the probable rela- 
tions of these forms. 

To document our investigation, 
we have numbered the specimens we 


have studied. Of these 1 to 6 are still 
in the stone and 7 to 24 are thin 
sections. Specimens 1 and 3 and 
slides 7, 9, 16, 18 and 24 are consid- 
ered types of Schwagerina princeps, 
while specimens 2,4,5 and 6 and slides 
8, 10-15, 17 and 19 are regarded as 
types of S. montipara; slides 20 to 
23 are doubtful. To clarify the mat- 
ter we are recognizing and redescrib- 
ing both species. Without exception, 
our thin sections indicate a gradual, 
though rather rapid, expansion of the 
volutions with no strong inflation 
and no distinct juvenarium. The fol- 
lowing generic and specific descrip- 
tions are based on this type material. 


Genus SCHWAGERINA Moller, 1877 
Schwagerina MOLLER, Uber Fusulinen und 

ahnlichen Foraminiferen-Formen des russ- 

ischen Kohlenkalkes: Neues Jahrb., Jahr- 

gang 1877, p. 143. 

Diagnosis.—Fusiform to subcylindri- 
cal fusulines with a spiral wall composed 
of tectum and well-defined keriotheca; 
volutions bilaterally symmetrical and ex- 
panding gradually; median tunnel well 
defined but chomata lacking, or rudi- 
mentary and confined to the innermost 
whorls; septa strongly and regularly 
fluted so that opposed folds of adjacent 
septa meet near the base, subdividing the 
lower part of the meridional chambers 
into rounded chamberlets. 


Genoholotype, Borelis princeps Ehren- 
berg. 

Synonyms, Fusulina (part) of authors, 
Pseudofusulina Dunbar and Skin- 
ner. 

Homonyms, Schwagerina Miller, 1878 
[non 1877], Schwagerina Schwager, 
1883, and of later authors. 


Discussion.—The misunderstanding of 
this genus sprang from Méller’s second 
fusuline study. In 1878 he published his 
“Spiralgewundenen Foraminiferen des 
russischen Kohlenkalks.’’ Here he re- 
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described Schwagerina princeps, basing 
his study not on the original types but 
on material from Timan Plateau, some 
200 miles from Helmersen’s locality. 
Schwager, in 1883, followed this inter- 
pretation and redescribed S. princeps 
from material collected by Von Richtofen 
near Shanghai, China. His excellent fig- 
ures, showing tightly coiled inner whorls 
followed by great inflation of the suc- 
ceeding volutions, did much to crystallize 
the current conception of S. princeps and 
of the genus Schwagerina. But, unfor- 
tunately, his material, like that of Mdél- 
ler, differs greatly from the types de- 
scribed by Ehrenberg. 

Although the genotype is a thickly 
fusiform species, we cannot accept ex- 
ternal form alone as a generic character. 
The essential characters are (1) the 
structure of the wall, (2) the gradual ex- 
pansion, (3) the plan of septal fluting, and 
(4) the lack of chomata. The many 
known species having these characters in 
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common, constitute a single genetic tribe 
ranging in external form from thickly 
fusiform to nearly subcylindrical; any 
separation on the basis of form would be 
purely arbitrary; all must be embraced 
in the genus Schwagerina. 


SCHWAGERINA PRINCEPS (Ehrenberg) 
Plate 10, figures 1-11 

Borelis princeps EHRENBERG, 1842, Berichte 

K. preuss. Akad. Wiss., p. 273; 1854, Mikro- 

geologie, pl. 37, figs. X, C and C 1+4. 
Fusulina krotowi SCHELLWIEN, 1908, Palae- 

—— vol. 55, p. 190, pl. 20, figs. 

Description.—Small, thickly fusiform 
or subglobular shells of 6 to 63 volutions, 
attaining a length of about 4.0 to 5.5 mm. 
and a diameter of 2.5 to 3.5 mm., the 
ratio of breadth to length ranging from 
about 1:1.25 to 1:1.5. The polar ex- 
tremities tend to be subacute in the 
younger whorls and bluntly rounded at 
maturity. 

The proloculum has a diameter of 160 


EXPLANATION OF PLATE 10 


Fics. 1—Original illustrations of Borelis princeps Ehrenberg and Alveolina montipara Ehren- 
berg, after Ehrenberg. C, view of part of the Helmersen specimen, natural size; /, 
Borelis princeps, natural size; 2-4, Borelis princeps, X4; 5-6. Alveolina montipara, 


natural size and 


(p. 86) 


2—Photograph of one end of the Helmersen specimen, natural size. The distribution of 
the fusulines and the relative lightness and darkness of each shows clearly that it 
was a part of this surface which was illustrated by Ehrenberg. If the Ehrenberg fig- 
ure C be rotated about 30° to the left in a counter-clockwise direction the corre- 


spondence will be clear. 


(p. 86) 


3—Upper surface of the Helmersen specimen showing the types of Borelis princeps in 


relief, natural size. None of these specimens is oe exposed. The larger shells 
ally agree closely in size with Ehrenberg’s figure C;. 


actu- 
(p. 86) 


p 
4-5—Borelis princeps, adult and young specimens (specimens 1 and 3), X 10. These are on 


the upper surface of the Helmersen specimen. 


(p. 86) 


6—An immature specimen tentatively referred to Alveolina montipara ——_ a 


x10. 


Fics. 7-11—Borelis princeps. 7, 8, Two views of a single specimen, X10. This individual was 
first excavated into relief on the upper surface of the Helmersen specimen and found 
to agree in gibbosity with the type illustration. It was then sectioned. Fig. 7 shows a 
tangential polished surface cutting the penultimate whorl and showing the plan of 
septal fluting which leaves the chambers subdivided into cell-like chamberlets. Fig. 
& shows an axial section of the same. The innermost volutions are altered to clear 
quartz and do not show plainly (specimen 24). 9, Axial section of specimen 7, X10. 
The inner volutions are darkened and partly obscured by microscopic secondary 
spherules of quartz. 10, 11, Sagittal sections of specimens 16 and 18, respectively, 


X10. The former just touches the proloculum. 


(p. 86) 


12-14—Alveolina montipara Ehrenberg (X10). 12, Enlarged view of specimen 4, weath- 
ered into partial relief. This individual, on the upper surface of the Helmersen speci- 
men, is believed to be the one illustrated by Ehrenberg as figure C, 5 and 6 (holo- 
type). 13, A paratype (specimen 5) seen as a polished axial surface, X10. /4, Sagittal 
section of a paratype (specimen 17), X10. 


(p. 87) 
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microns in slide 9 where it can be meas- 
ured accurately. It measures only 120 
microns in slide 18, a sagittal section. In 
slides 24 and 7 it appears to be 230 and 
220 microns, respectively, but is too ob- 
scure for satisfactory measurement. The 
expansion of the whorls in the sagittal 
plane is gradual but rapid, as shown in 
the table below. 

The tunnel angle is generally between 
20° and 30° and does not widen notably 
in the outer whorls. It measures about 
30° in the third and fifth volutions of sec- 
tion 7 but appears to be only 19° in the 
fourth volution. In section 9 it measures 
29° in the third and 26° in the fifth volu- 
tion. In section 24 it is not wider than 
20°. Chomata appear to be completely 
lacking. 

The spiral wall increases gradually in 
thickness, attaining a maximum of about 
80 microns in the outer whorls. In spite 
of the replacement by silica, a well-de- 
veloped keriotheca and tectum are visi- 
ble in many places. 

The septa are intensely and regularly 
fluted, as may be seen in broken shells 
(Pl. 10, figs. 4 and 5) and in tangential 
sections (fig. 7). The septa are so spaced 
that opposed folds of adjacent septa 
touch, dividing the lower part of the 
meridional chambers into regular cell-like 
chamberlets. 

The septa number ?, ?, 16, 21, 28 and 
33, respectively, in the six volutions of 
specimen 16, and 11, 16, ?, 21, 28 and 27 
in specimen 18. 

The following table gives statistical 


data for specimens 24, 9, 7 and 18. At the 
left, the proloculum is numbered 0 and 
the volutions following are numbered in 
order. Wherever measurements could not 
be satisfactorily made, the appropriate 
place in the table is left blank. 

Discussion.—Fusulina krotowi Schell- 
wien appears to be a synonym of this spe- 
cies. The excellent original illustrations 
of that species, as well as the text, show 
essential agreement with the types of S. 
princeps, not only in shape and size, but 
in the size of the proloculum, the rate of 
expansion, width of tunnel, septal count, 
and character of septal fluting. 

Occurrence.—The precise locality and 
horizon of the type material is unknown. 
The label with the specimen agrees with 
Ehrenberg’s statement that it was col- 
lected from the ‘‘Bergkalk”’ in the Pinega 
Valley, province of Archangel. The hori- 
zon is undoubtedly Uralian or Artin- 
skian. Schellwien indicated that his Fusu- 
lina krotowi occurs in the Schwagerinen- 
kalk. 


SCHWAGERINA MONTIPARA (Ehrenberg) 


Plate 10, figures 12-14 
Alveolina montipara EHRENBERG, 1854, Mi- 
krogeologie, pl. 37, X, C, 5-6 and plate 
legend. 

Description.—A small, fusiform spe- 
cies of 6 or 7 volutions, attaining a length 
of about 5.5 mm. and a diameter of 2.6 
mm., the length being about twice the 
diameter and the axial profile almost an 
even ellipse. 

This species differs from S. princeps 


Table of Measurements 


Half length Half diameter Form ratio 
Vol.| 24 9 7 24 9 7 18 16 24 9 7 
0 0.115 | 0.080 | 0.110 | 0.060 ‘s 
1 0.165 | 0.14 | 0.230 | 0.140 | 0.170 
2 0.25 0.280 | 0.21 0.370 | 0.220 | 0.270 
3 0.65 | 0.9 0.460 | 0.33 0.630 | 0.350 | 0.470 1.4 
4 |0.9 11.91 1.5 0.675 | 0.53 1.04 | 0.530 | 0.770 1.33 | 2.0 | 1.4+ 
5 1.035 | 0.84 1.47 0.830 | 1.15 1.4 
6 20139 2.8 1.45 1.24 1.24 1.59 1.38 | 1.5 
Ff 1.78 1.62 
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chiefly in being relatively more slender, 
and it is not improbable that with abun- 
dant free specimens it could be shown 
that the two intergrade, and S. montipara 
is only a more slender variety of S. 
princeps. 

The proloculum has a diameter of 160 
microns in specimen 5, 180 in specimen 
10, and 170 in specimen 8. 

The tunnel angle is between 25° and 
35°, measuring 25° in the fourth volution 
of specimen 5, 30° in the sixth, and 34° 
in the seventh. Chomata are lacking and 
the septa are intensely and regularly 
fluted, the folds extending well up toward 
the outer wall and meeting those of ad- 
jacent septa so as to divide the longitudi- 
nal chambers into regular, cell-like cham- 
berlets. The septal count in the first four 
volutions of specimen 19 runs 11, ?, 17, 
22, and in seven volutions of specimen 17 
it is 12, 13, 18, 20, ?, 22, 23. In specimen 
14 the septa of the inner volutions cannot 
be counted but the outer ones have 32 
and 34 septa, respectively. 

The spiral wall consists of tectum and 
well-defined keriotheca as in S. princeps. 
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fect polished axial surface. It has propor- 
tions identical with specimen 4 and is so 
well preserved that precise measurements 
can be taken, even to the diameter of 
the proloculum. In addition, one speci- 
men has been developed into high relief 
and nine are represented by thin sections. 

Miller (5) started an erroneous concep- 
tion of this species when, without section- 
ing the type material, he applied the 
name Fusulina montipara to his own ma- 
terial gathered from numerous localities. 
His only figured axial section shows a 
shell with very heavy chomata and 
slightly fluted septa—a typical Triticites. 
Schellwien (1908) followed him in this re- 
gard, reproducing Modller’s figures. It is 
probable that references to the species 
later than 1880, depending on Moéller’s 
interpretation instead of a study of au- 
thentic material, are all misidentifica- 
tions. 

Distribution.—Original types on same 
piece of chert as those of S. princeps. 
This form was probably included in 
Fusulina krotowt by Schellwien. His 
types came from the Schwagerinenkalk. 


Table of Measurements 


en Half length Half diameter Form ratio 
ol. 
5 10 8 5 10 8 > 10 8 

0 0.08 0.08 0.09 0.085 

1 is 0.42 1.4 0.13 

2 0.35 0.19 0.23 0.18 1.8 

0.65 0.28 0.34 0.32 

4 1.0 £.1 0.43 0.52 0.46 | 2.4 
5 1.5 1.8 i 0.64 0.83 0.71 2.4 24 1.8 
6 2.2 0.98 0.99 2.2 1.9 1.9 
7 2.8 2.4 1.33 1.37 2.4 1.75 


Discussion.—Ehrenberg’s original fig- 
ure of this species represents a specimen 
of slender fusiform shape, naturally 
weathered to show an axial section of the 
two outer whorls with the inner volutions 
lying at the center in relief. The septa are 
strongly fluted. These are exactly the 
features shown by the specimen we have 
numbered 4 and which is, therefore, re- 
garded as the holotype (PI. 10, fig. 12). 
We have developed specimen 5 to a per- 


SCHWAGERINA of authors 
(not Méller) 


For the species so long mistaken for 
Schwagerina—those characterized by a 
tightly coiled juvenarium followed by 
highly inflated whorls—no other name 
has ever been used, doubtless because 
the misconception was started and crys- 
tallized at an early date. 

The several species concerned fall 
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naturally into two groups of independ- 
ent origin, one having developed out of 
Triticites and the other out of Schwager- 
ina s.s. Since their common charac- 
ters are due to convergence rather than 
close relationship, they should not be em- 
braced in a single genus. We, therefore, 
propose two new genera and group the 
described species as follows: 


PsSEUDOSCHWAGERINA 


Schwagerina amedaet Deprat 

Schwagerina fusiformis Krotow 

Schwagerina fusulinoides Schel!wien 

Fusulina muongthensis Deprat 

Schwagerina princeps Schwager, Lee, Chen, 
etc. [not Médller] 

Fusulina robusta Meek 

Schwagerina uddeni Beede and Kniker 


PARASCHWAGERINA 


Schwagerina alternans Schellwien 

Fusulina dussaulti Deprat 

Schwagerina fosteri Thompson and Miller 
Schwagerina gigantea White 

Schwagerina kansasensis Beede and Kniker 
Schellwienia oblonga Ozawa 

Schwagerina tinvenkiangi Lee 

Schwagerina yabei Staff 


There are a few remaining species too 
poorly described to be certainly placed, 
and some undescribed species which will 
represent each group. 


Genus PSEUDOSCHWAGERINA Dunbar 
and Skinner, n. gen. 


Diagnosis.—Thickly fusiform to sub- 
spherical fusulines; wall consisting of tec- 
tum and keriotheca; inner volutions 
closely coiled to form a compact juve- 
narium of 2 to 5 whorls; succeeding volu- 
tions high and strongly inflated, the last 
declining again in height; a single low 
median tunnel is present; chomata are 
well marked in the juvenarium but rudi- 
mentary or lacking in the inflated whorls; 
septa rather feebly and irregularly fluted, 
the folds being largely restricted to the 
part near the basal margin. In some spe- 
cies the septa are almost plain; in all 
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they are so widely spaced that opposed 
folds of adjacent septa do not normally 
touch. 


Genotype, Schwagerina uddeni Beede 
and Kniker. 

Synonym, Schwagerina(part) ofauthors 
(not Miller). 


Discussion.—In this genus the prolocu- 
lum is commonly large, and the whorls 
of the juvenarium are relatively short 
and thickly fusiform (Pl. 11, figs. 6 and 
7). In some species, however, as the 
Chinese form identified by Schwager as 
S. princeps, the proloculum is less than 
100 microns in diameter and the juvenile 
whorls accordingly are relatively more 
slender and thin-walled. In these, how- 
ever, the septa are but slightly fluted and 
the chomata, though slender, persist into 
the adult whorls. 

It seems appropriate that this group of 
species so long mistaken for the real 
Schwagerina should bear the name 
Pseudoschwagerina. 


Genus PARASCHWAGERINA Dunbar 
and Skinner, n. gen. 


Diagnosis.—Thickly fusiform to sub- 
spherical fusulines; wall consisting of tec- 
tum and keriotheca; proloculum very 
small (in all known species less than 100 
microns in diameter); inner volutions 
slender, elongate and very closely coiled, 
forming a well-defined juvenarium of 2 
to 5 volutions, succeeding whorls strong- 
ly inflated and high, the last declining 
somewhat again; septa with high, strong 
folds; chomata inconspicuous or lack- 
ing even in the juvenarium, and normally 
completely absent in the inflated whorls. 


Genotype, Schwagerina gigantea White. 
Synonym, Schwagerina (part) of au- 
thors (not Mdller). 


Discussion.—In this genus the septal 
folds are marked even in the juvenarium 
(Pl. 11, figs 2 and 5), and in the adult 
whorls are commonly so strong that op- 
posed folds of adjacent septa touch at the 
base, subdividing the lower part of each 
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meridional chamber into chamberlets 
(Pl. 11, figs 3 and 4). In axial sections 
high, narrow septal loops are abundant. 
Most of these species are thickly fusi- 
form, but P. yabei (Staff) and P. kansasen- 
sts (Beede and Kniker) are more strongly 
inflated and almost spherical. 

The ontogeny shows that this group of 
species developed out of Schwagerina, 
which is marked by strong septal folds 
and rudimentary chomata. From Schwa- 
gerina it differs only in a rather abrupt 
inflation, instead of a gradual expansion, 
after the formation of the juvenile 
whorls. 

Paraschwagerina contrasts with Pseudo- 
schwagerina in having strongly fluted in- 
stead of nearly plane septa, and in the 
more rudimentary condition of its cho- 
mata. The latter are well marked in the 
juvenarium of Pseudoschwagerina and 
may persist feebly into the mature 
whorls. In axial sections the septal loops 
are high, narrow, and abundant in Para- 
schwagerina but low, irregular or almost 
lacking in Pseudoschwagerina. 


CONCLUSIONS 


The ‘“‘zone of Schwagerina’’ should 
now be known as the “‘zone of Pseudo- 
schwagerina.”’ It happens, however, 
that the real Schwagerina (recently 
known as Pseudofusulina) has nearly 
the same stratigraphic range as Pseu- 
doschwagerina and Paraschwagerina. 

In the Mid-Continent region, Para- 


schwagerina kansasensis appears in 
the Neva limestone only a short dis- 
tance above the first appearance of 
Schwagerina, which is represented by 
S. longissimoidea (Beede), S. fora- 
kerensis (Skinner) and S._ turki 
(Skinner). In north-central Texas, 
the last two mentioned species of 
Schwagerina appear a few feet below 
the Saddle Creek limestone and 
Paraschwagerina appears the 
Moran formation. In West Texas, 
Schwagerina, Pseudoschwagerina, and 
Paraschwagerina range together 
through the Wolfcamp, Schwagerina 
alone extending somewhat above this 
formation and gradually giving way 
to Parafusulina in the Leonard. In 
America, all three of the genera con- 
cerned mark the formations con- 
sidered Lower Permian, Schwagerina 
alone extending somewhat into the 
Middle Permian. 

In Russia, Schwagerina and Pseu- 
doschwagerina are both abundant in 
the Uralian, and in China they occur 
together in the Chuanshan limestone, 
where Schwagerina s.s. extends up- 
ward into the Swine and Chihsia 
limestone, being overshadowed in the 
latter horizon by species of Para- 
fusulina [Chen, 1934]. 


EXPLANATION OF PLATE 11 
All figures X10. Y.P.M.=Yale Peabody Museum, New Haven. 
Fics. 1-3—Paraschwagerina gigantea (White). Sagittal and axial sections, and tangential slice of 
the penultimate whorl, the latter showing the septal fluting in plan. Wolfcamp for- 
mation, Wolfcamp Hills, Glass Mountains, Texas. Topotypes. Y.P.M. 14997, 14996. 


(p. 89) 


4, 5—Paraschwagerina kansasensis (Beede and Kniker). Tangential and axial slices. Wolf- 
camp formation, Wolfcamp Hills, Glass Mountains, Texas. Y.P.M. 14904 and 15029. 


(p. 89) 


6, 7—Pseudoschwagerina uddeni (Beede and Kniker). Sagittal and axial sections. The for- 
mer shows a juvenarium of slightly less than two volutions; the latter is nearly de- 
void of septal loops except in the polar regions and indicates the feeble fluting of the 
septa in this species. The former (Y.P.M. 14917) is from the Hueco limestone, 2 
miles southeast of Hueco Tanks, Texas, and the latter (Y.P.M. 14918) is from the 


“‘Basal Beds”’ of P. B. King near Marble Canyon, Sierra Diablo, Texas. 


(p. 89) 
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In the Permian of Palermo, Italy, 
Paraschwagerina yabei (Staff) and cer- 
tain species of Schwagerina appear 
to occur with Neoschwagerina and 
with ammonites of Middle Permian 
age (6). The occurrence here is in 
blocks of limestone embedded in 
Eocene red beds and the original 
stratigraphic relations are unknown. 
Further investigation of the faunal 
association is needed. 

The study of fusulines from pre- 
cisely determined stratigraphic hori- 
zons Offers one of the best bases for 
correlation. 
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— INOPTERYGIAN JAWS FROM THE MISSISSIPPIAN BLACK 
SHALES OF THE MISSISSIPPI VALLEY 


CHALMER L. COOPER 
Walker Museum, University of Chicago, Chicago, Illinois 


ABSTRACT 


Two species of a new family of Actinopterygii from the Lower Mississippian black shales of 


Ohio, Kentucky, and Oklahoma are described. 


The specimens described in this 
paper were found in the Lower Mis- 
sissippian black shales of Ohio, Ken- 
tucky, and Oklahoma while collect- 
ing conodonts from these formations. 
The jaws were found associated with 
conodonts and numerous fish scales 
of the paleoniscid type. 

The first specimen was found in 
1928 in the Woodford formation in 
sec. 21, T. 1 S., R. 8 E., one-half mile 
west of Clarita, Oklahoma. After a 
search of many hours, five more 
specimens were collected from the 
dark-gray, somewhat fissile shales. 
Two other specimens from Oklahoma 
were found in the concretionary zone 
of the Woodford, in the upper third 
of the formation, on Sycamore Creek, 
sec. 27, T. 3S., R. 4E. In addition to 
the associated conodonts, a phyllo- 
carid crustacean fauna has been 
described from this horizon and local- 
ity (1). Still another Oklahoma speci- 
men was obtained from Dr. Charles 
E. Decker, who collected it in sec. 
2, FT. E. 

Some years later additional speci- 
mens were collected from the black 
shales of Ohio, one from the upper 
part of the Cleveland shale about 3 
miles south of Lake Erie near Ash- 


mont, and another from the lower 
part of the Sunbury shale in central 
Ohio near the village of Lithopolis. 
During the same field season (1932) 
three specimens were collected in 
Kentucky. A fragment was found in 
the upper part of the Ohio shale at 
Farmers, on the east side of the Cin- 
cinnati arch. Two other specimens 
came from the Linietta (Cuyahoga) 
clay east of Junction City, on the 
southwest side of the arch. The latter 
formation has a concretionary zone 
similar to the one in the Woodford 
formation in Oklahoma, and it is 
interesting to note that the concre- 
tions yield a_ similar crustacean 
fauna. 

It is unfortunate that other parts 
of the fish have not been discovered, 
as they would have greatly simpli- 
fied the task of classifying these den- 
tal processes. Sir Arthur Smith 
Woodward was shown some of the 
specimens during the summer of 
1933. He had opportunity for only 
a very few cursory examinations with 
the aid of a hand lens, but in his 
opinion the forms are new. He said 
that he had never observed such 
slender, sharp-pointed teeth from 


any of the Carboniferous rocks of 
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England, and stated that possibly 
the forms might be Crossopterygii. 
Fish belonging to this order, how- 
ever, possess laniary or conical teeth 
in addition to the minute dentition 
found on the maxilla and dentary. 
In no instance have laniary teeth 
been found with the minutely denti- 
culated jaws described in this paper, 
or in the shales from which they were 
collected. On the other hand, certain 
of the Actinopterygii either do not 
possess laniaries or have them poorly 
developed, as for instance in the gen- 
era Amblypterus Agassiz and Paleo- 
niscus Blainville. The teeth also differ 
in size, shape, and structure from the 
holoptychian type of dentition. For 
these reasons it is thought that these 
jaws are more closely related to the 
Actinopterygii. Traquair (2), how- 
ever, has restricted Amblypterus to 
the Lower Permian and Paleoniscus 


SYSTEMATIC 


Order ACTINOPTERYGII 
Sub-order CHONDROSTEI 


Family ANGUSTIDONTIDAE 
Cooper, new family 


Teeth long, slender, tapering, and dis- 
posed in a single row along maxilla and 
dentary. Laniaries absent. Pulp cavity 
present. 


Genus ANGUSTIDONTUS Cooper, n. gen. 
Dental plates long, narrow and thin. 
Teeth straight or very slightly curved, 
long, slender, gradually tapering to a 
sharp, needle-like point; usually several 
sizes, alternating in a regular manner. 
Genotype: Angustidontus seriatus. 
ANGUSTIDONTUS SERIATUS Cooper, n. sp. 
Plate 12, figures 1-4, 7-10 
Dental plate thin and narrow, carry- 


to the Permian. Therefore, since no 
comparable Early Carboniferous 
forms have been described, it is pro- 
posed to erect a new family to include 
these peculiar fossils from the Lower 
Mississippian rocks of the United 
States. 

Other fish remains found in the 
same black shale formations are oc- 
casional Cladodus and Dinichthys 
teeth and jaws, Ctencanthus spines, 
and scales of the ganoid type. The 
teeth here described are thought to 
be different from the dentition of any 
of these forms. No one of the speci- 
mens collected represents the entire 
length of the dentary. Assuming that 
the longest specimen is nearly whole, 
the dentary one-half the length of 
the head, and the head one-fourth to 
one-fifth the total length, then these 
fish were one foot, more or less, in 
length. 


DESCRIPTIONS 


ing a single row of slender conical regu- 
larly tapering teeth of five different 
lengths arranged in regular order. This 
arrangement is similar to the 1-, }-, 4-, }-, 
and 1/16-inch markings on a ruler and 
is characteristic of the genus. Pulp cavity 
present. Terminal cusp slightly curved 
toward the posterior end, and of the 
same length as the largest denticles. 

Longest denticles average 2.15 mm. in 
length; shortest average 0.4 mm.; the 
others intermediate between these. Total 
length of dentary unknown. 


ANGUSTIDONTUS GRACILIS Cooper, n. sp. 
Plate 12, figures 5, 6, 11 


Dental bar narrow, slender, carrying a 
single row of slender, conical, tapering 
denticles, the larger ones very slightly 
curved toward the posterior end. Teeth 
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of four different lengths as contrasted REFERENCES 
1. Cooper, C. L., A crustacean fauna from 
of longest denticles, average 2.0) mm.; the Woodford formation of Oklahoma: 
shortest average 0.34 mm. Jour. Paleontology, vol. 6, pp. 346-352, 
Types are deposited in Walker Mu- 1932. ree 
seum, University of Chicago. The catalog 2° R. H., 
and Pygopterus: Geol. Soc. London, Quart. 
Plate 12. Jour., vol. 33, pp. 552, 557, 1877. 


EXPLANATION OF PLATE 12 


(Lines represent a length of 5 mm.) 

Fics. 1-4, 7-10—Angustidontus seriatus Cooper, n. sp. 1, Genoholotype, Walker Mus. (Univ. 
Chicago), 38096. 2, Paratype, showing terminal cusp, but too poorly preserved to 
show the smallest denticles. Walker Mus. (Univ. Chicago), 38097. 3, A crushed speci- 
men showing the terminal cusp and several sizes of denticles. Walker Mus. (Univ. 
Chicago), 38098. Figures /-3 from Woodford formation, sec. 21, T.1S., R. 8 E., near 
Clarita, Oklahoma. 4, Specimen from inside a siliceous concretion; Linietta (Cuya- 
hoga) clay, west of Junction City, Kentucky. Walker Mus. (Univ. Chicago), 38099. 
7, Specimen crushed, but showing clearly the denticles and terminal cusp; Woodford 
formation, sec. 2, T. 2 N., R. 6 E., Oklahoma. Walker Mus. (Univ. Chicago), 38102. 
8, A fragment from a siliceous concretion; top of Chattanooga shale, 1} miles east of 
Boston, Kentucky. Walker Mus. (Univ. Chicago), 38103. 9, Part of a dentary with 
cast of pulp cavity preserved in a siliceous concretion; Woodford formation, Syca- 
more Creek, sec. 27, T. 3 S., R. 4 E., Oklahoma. Walker Mus. (Univ. Chicago), 
38104. 10, Horizon and locality same as figure 9. Walker Mus. (Univ. Chicago), 
38105. (p. 93) 

5, 6, 11—Angustidontus gracilis Cooper, n. sp. 5, Holotype; specimen flattened between 
layers of black shale; upper Clevelana shale, Chappel Creek, 1 mile southeast of 
Ashmont, Ohio. Walker Mus. (Univ. Chicago), 38100. 6, Smallest denticles not 
shown owing to poor preservation; Sunbury shale, near Lithopolis, Ohio. Walker 
Mus. (Univ. Chicago), 38101. 11, Terminal cusp much flattened; near top of Ohio 
shale, in quarry of Rowan County Freestone Co., Farmers, Kentucky. Waiker 
Mus. (Univ. Chicago), 38106. (p. 93) 
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FUSULINIDS FROM THE BLACK HILLS AND ADJACENT 
AREAS IN WYOMING 


M. L. THOMPSON 
State University of Iowa, lowa City, lowa 


ABSTRACT 


Fourteen species and one variety of fusulinids from the Minnelusa formation of South 
Dakota and the Hartville formation of eastern Wyoming are described and illustrated. These 
include five new species and one new variety of Fusulinella, one previously described species of 
Wedekindellina, six species (two of which are new) of Fusulina, and two new species of Triti- 
cites. These Pennsylvanian fusulinids are compared with others from America, Europe, and 
Asia, and it is concluded that the fusulinids of the lower part of the Minnelusa are closely 
related to those of the lower part of the Hartville, and that the lower portions of both of these 
formations should be referred to the Morrow series. The fusulinid fauna of the middle part of 
Hartville is comparable to that of the mid-portion of the Cherokee shale (Des Moines series), 
and that of the upper part of the Hartville is Upper Pennsylvanian in age. 


For a number of years the Carbon- 
iferous strata of the Black Hills and 
adjacent areas have been studied 
intermittently by various members 
of the Geology Department of the 
State University of Iowa, and several 
published and unpublished disserta- 
tions have dealt with these strata. 
Numerous collections were made 
during these studies and several of 
them contained fusulinids. These 
were placed at my disposal about 
four years ago when I began my 
work on fusulinids, and, in addition, 
during the summer of 1934 Mr. W. M. 
Furnish and I visited the localities 
from which these specimens came 
and obtained additional material. All 
of the specimens available were in- 
cluded in the study on which this 
report is based. 


FAUNAL AND STRATIGRAPHIC 
COMPARISONS 


The relative ages of the Pennsyl- 
vania strata of the Black Hills of 


South Dakota and of the eastern por- 
tion of Wyoming have been discussed 
by a number of workers, but their 
conclusions have varied markedly. 
In 1909 Darton (2) concluded that 
the upper portion of the Minnelusa 
formation of the southern Black Hills 
is Pennsylvanian in age but that the 
lower portion of this formation 
should probably be referred to the 
Mississippian. Also, in 1925 Darton 
and Paige (3) stated that the fauna 


_ of the upper portion of the Minne- 


lusa near Hot Springs, South Da- 
kota, is of Pennsylvanian age, and 
they concluded that the fauna from 
the basal red shales near Loring 
Siding, South Dakota, may be Mis- 
sissippian in age. These authors also 
published what may be regarded as 
the first record of the occurrence of 
fusulinids in the Black Hills, for they 
state that Girty identified a form 
from the ‘‘medial’’ beds of the Min- 
nelusa, northwest of Hermosa, South 
Dakota, as a “species of Fusulina.”’ 
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In 1930 Dillé (4) published a list 
of fossils from the basal red shales of 
the Minnelusa near Loring Siding, 
and he concluded that these beds 
are of Lower Pennsylvanian (Des 
Moines) age. He listed as “Fusulina 
cf. cylindrica’ a form which I am 
describing below as Fusulinella dako- 
tensis, n. sp. In the same year Roth 
(8) published generalized sections of 
the Minnelusa of the Black Hills 
and of the Pennsylvanian strata in 
adjacent portions of Wyoming, and 
concluded that the Minnelusa should 
be correlated with the Cherokee, but 
that beds of Kansas City age were 
present in the North Platte River 
valley in eastern Wyoming. 

In the present report I am includ- 
ing descriptions of fusulinids from 
the lower 150 feet of the Minnelusa 
near Loring Siding, South Dakota 
(the total Minnelusa is about 500 
feet thick at this locality); from the 
middle and upper portions of the 
Hartville formation in the canyon of 
the North Platte River about 8 miles 
southeast of Orin Junction, Wyo- 
ming, and from the lower 450 feet of 
the Hartville formation near Guern- 
sey, Wyoming. The fusulinids from 
near Loring Siding belong to the 
primitive genus Fusulinella, and they 
are described below as F. dakotensis, 
n. sp., F. furnishi, n. sp., and F. 
acuminata, n. sp. Eight miles south- 


1 Roth listed in his stratigraphic sections 
of this region numerous fusulinids which are 
undoubtedly conspecific with some of the 
species I am describing below. However, since 
he did not include descriptions or illustrations 
of his specimens, insome cases I am not able to 
tell just what forms he wasstudying, and there- 
fore I did not include references to his work 
in all of my synonymies. 


east of Orin Junction, Fusulina 
rockymontana Roth and Skinner? and 
F. truncatulina, n. sp., occur about 
110 feet above the level of the river; 
Fusulinella diminutiva, n. sp., occurs 
about 150 feet above the level of the 
river; and 7riticites submucronata, n. 
sp., and 7. milleri, n. sp., occur about 
280 and 350 feet, respectively, above 
the level of the river. At the Guernsey 
locality, Fusulinella velmae, n. sp., 
and F. velmae protensa, n. var., occur 
from 120 to 165 feet above the Mis- 
sissippian limestone (Guernsey for- 
mation); Fusulina distenta Roth and 
Skinner, F. euryteines Thompson, 
and Wedekindellina excentrica (Roth 
and Skinner) occur about 350 feet 
above the Mississippian limestone; 
and Fusulina platiensis, n. sp., and 
Fusulina sp. occur about 450 feet 
above the Mississippian limestone. 
Although the three species of the 
genus Fusulinella which occur in the 
lower portion of the Minnelusa of the 
Black Hills are not identical with the 
species and variety of this same 
genus which occur in the lower por- 
tion of the Hartville at Guernsey, 
they are closely related and these 
two horizons are apparently not 
greatly different in age.? In both of 
these localities the fusulinids are 
extremely abundant and_ occur 
throughout rather thick beds, but 
the absence of representatives of the 
genus Fusulina in both of these hori- 
zons is probably significant. The 
fusulinids which occur in these two 
2 In 1904 Darton (1) correlated these same 
beds, but on the basis of marine fossils from 
the lower portion of the Hartville at this same 


locality from which my specimens came, he 
referred them to the Mississippian. 


FUSULINIDS FROM THE BLACK HILLS 97 


horizons are closely related to Fusu- 
linella primaeva (Skinner) (9) and F. 
llanoensis (Thomas) (11) of the Mar- 
ble Falls limestone of Texas, F. 
iowensis Thompson of the basal por- 
tion of the Cherokee of Iowa (12), 
and F. fittsi Thompson and F. pro- 
lifica Thompson of the lower por- 
tion of the Atoka formation of Okla- 
homa (13); and the genus Fusulina 
has also not been recorded from these 
three horizons. All of the primitive 
fusulinid species listed above are 
closely related and they indicate that 
the beds from which they come are 
not greatly different in age. If the 
Marble Falls limestone is Morrow in 
age, as is now generally believed (7), 
it seems probable that all of these 
horizons of primitive fusulinids in 
Oklahoma, Iowa, Wyoming, and 
South Dakota should be included in 
the Morrow series. It should, per- 
haps, also be mentioned in this con- 
nection that the fusulinids under 
consideration are strikingly similar to 
primitive forms which Lee and Chen 
(6) have described from the Huang- 
lung limestone of southern China. 
My studies of the genus Fusulina 
from the Lower Pennsylvanian of 
America indicate that its specific 
representatives have very short ver- 
tical ranges but are widespread geo- 
graphically; because of these facts 
and because specimens occur abun- 
dantly, representatives of Fusulina 
are very good index fossils. During 
the Lower Pennsylvanian there was 
a progressive development within the 
genus from the more primitive forms 
like F. leet Skinner to the more 
highly developed forms like F. girtyi 


(Dunbar and Condra), F. mysticensis 
Thompson, and F. eximia Thomp- 
son. The species listed last is the 
most highly developed representative 
of the genus known from America, 
and, with the possible exception of 
F. quasicylindrica (Lee) and F. pan- 
kouensis (Lee) of the Penchi series of 
north China, it is perhaps the most 
highly developed representative of 
the genus so far described. In so far 
as I have been able to determine, no 
representative of this genus (Fusu- 
lina) has ever been found in associa- 
tion with Triticites. 

The fusulinid-bearing horizon 
about 350 feet above the Mississip- 
pian limestone near Guernsey, Wyo- 
ming, contains some species of fusu- 
linids that are identical and some 
that are closely similar to the fusu- 
linids known from the mid-portion of 
the Cherokee of Iowa, the Stonefort 
limestone of Illinois, and the upper 
part of the McCoy formation of Col- 
orado. These forms indicate strongly 
that the fusulinid-bearing beds in 
these three widely separated local- 
ities are not greatly different in age. 
Also, the beds about 8 miles south- 
east of Orin Junction, Wyoming, 
which yielded Fusulina truncatulina, 
n. sp., may be very closely similar in 
age to the uppermost part of the 
Cherokee of Iowa, in which F. lucas- 
ensis occurs. 

The beds about 8 miles southeast 
of Orin Junction, Wyoming, which 
yielded Triticites submucronata and 
T. milleri, are undoubtedly Upper 
Pennsylvanian in age. In 1930 Roth 
(8, p. 1263) correlated these beds in 
a general way with the Kansas City 
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group, but the fusulinids which I 
obtained from them seem to indicate 
that they more probably are upper 
Missouri or lower Virgil in age. 

The genus Fusulinella is probably 
the ancestor of the genus 77iticites, 
but transitional forms have not been 
found in America, at least. Repre- 
sentatives of T7vriticites were very 
abundant in the North American 
seas of the Missouri and Virgil epochs 
and that genus appears to have been 
much better developed on this con- 
tinent than in other parts of the 
world. This pronounced development 
of 7 riticites in America has long been 
known, and it led Staff (10) to con- 
clude that the genus had acquired 
its characteristics due to isolation 
and that the forms now generally 
referred to it should be regarded as 
aberrant members of the genus 
“‘Fusulina’’. Only a few representa- 
tives of Triticites have been de- 
scribed from Europe and Asia, and 
there they are generally found asso- 
ciated with the type of fusulinids 
which in America occur with 77riti- 
cites in the Lower Permian.’ There- 


3 Since the manuscript of this report was 
completed I have received a copy of Chen's 
report on Fusulinidae of South China (Palae- 
ont. Sinica, ser. B., vol. 4, fasc. 2, 1934) in 
which he describes twenty-five representa- 
tives of Triticites, and these forms are associ- 
ated with Permian genera, such as Schwagerina. 


fore, it seems probable that the pro- 
nounced development of this genus 
in America and its rarity elsewhere 
may be due to slight development of 
beds in Eurasia which are correlative 
with the American Upper Pennsyl- 
vanian. Triticites is represented in 
the Missouri and Virgil series of 
America by more than a score of 
species, and in these strata very few 
other fusulinids have been found. 
The very fossiliferous Upper Carbon- 
iferous and Permian strata (Penchi 
and Taiyuan series) of China have 
yielded some of our best known 
fusulinid faunas. The Penchi series 
(including the Huanglung limestone) 
of China is apparently equivalent to 
the American Morrow and _ Des 
Moines series, whereas essentially all 
of the Taiyuan series appears to be 
equivalent to the lower portion of 
the Permian of America. However, 
the extreme basal portion of the 
Taiyuan series, the Yaohou lime- 
stone of northwestern Kansu (Lee's 
Ps zone) (5), contains a meager 771- 
ticites fauna, and it is apparently 
equivalent to a smal! portion of the 
American Upper Pennsylvanian. It, 
therefore, seems that the hiatus be- 
tween the Penchi series and the 
Taiyuan series of China may repre- 
sent almost all of the Missouri and 


EXPLANATION OF PLATE 13 
All illustrations on this plate are unretouched photographs and all are magnified X 20. 


Fics. 


1-4—Fusulinella furnishi Thompson, n. sp. J, Section tangential to the third volution; 


2, axial section; 3, tangential section showing the nature of the septal fluting; 4, 
sagittal section. From the Minnelusa formation of South Dakota. (p. 100 
5-7—Fusulinella acuminata Thompson, n. sp. 5, 6, Axial sections; 7, sagittal section. 


From the Minnelusa formation of South Dakota. 


(p. 101) 


8—-10—Fusulinella dakotensis Thompson, n. sp. 8, 10, Axial sections; 9, sagittal section. 
From the Minnelusa formation of South Dakota. (p. 99) 
11, 12—Fusulinella velmae velmae Thompson, n. sp. and var. Axial sections. From the 
Hartville formation of Wyoming. 


(p. 101) 
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Virgil series of America, and this 
would explain the scarcity of the 
genus 7 riticites in China. A few rep- 
resentatives of this genus have been 
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reported from Europe, but it seems 
probable that the Upper Pennsyl- 
vanian is not as completely developed 
on that continent as it is in America. 


SYSTEMATIC DESCRIPTIONS 


Genus FUSULINELLA Moller 
FUSULINELLA DAKOTENSIS Thompson, n. sp. 
Plate 13, figures 8-10 


Fusulina cf. cylindrica DiLL£é, 1930, Am. As- 
soc. Petroleum Geologists, Bull., vol. 14, 
p. 620. 


Shell small, elongate, slender, fusiform. 
Poles sharply pointed. External furrows 
shallow. Axis of coiling straight to slight- 
ly irregular. Mature forms of eight volu- 
tions are about 4.5 mm. in length and 1.4 
mm. in width. The form ratio of mature 
individuals is about 1:3. The central por- 
tion of the shell is rather markedly in- 
flated throughout growth and the lateral 
slopes are slightly concave. 

The septa are thin. They are composed 
of five layers. However, all of these layers 
can be clearly seen only near the center 
of the shell in the outer volutions. The 
anterior diaphanotheca decreases in thick- 
ness very rapidly toward the base of the 
septa and in the lower portion of the 
septa it cannot be recognized. In the end 
portions of the shell the different layers 
of the septa cannot be differentiated. The 
septal count gives 16 to 17 for the third 
volution, 17 to 20 for the fourth volution, 
17 to 22 for the fifth volution, 22 for the 
sixth volution, 25 to 27 for the seventh 
volution, and 27 for the eighth volution. 
The septa are rather broadly but highly 
fluted in the polar regions and they are 
essentially unfluted near the center of the 
shell. 

The inside diameter of the proloculum 
is 55 to 63 microns. The average for a 
rather large number of specimens is 
about 60 microns. The inner three volu- 
tions are very tightly coiled. The heights 
of the chambers (including their over- 
lying spirotheca) of the first eight volu- 


tions are 27, 35, 35, 62, 79, 97, 132, and 
173 microns. 

The spirotheca is thin. It is composed 
of four layers. Near the center of the tun- 
nel of the seventh volution the upper tec- 
torium may be absent in places and 
ranges up to 5 microns in thickness, the 
diaphanotheca is about 13 microns thick, 
and the lower tectorium is about 5 
microns thick. The floor of the tunnel in 
most sections appears to be composed of 
the tectum of the spirotheca. Near the 
poles the different layers of the spiro- 
theca are very difficult to differentiate, 
but the tectoria seem to increase in thick- 
ness poleward and the diaphanotheca be- 
comes exceedingly thin. 

The tunnel is very low and broad. In 
the sixth volution it is about one-sixth 
as high as broad and about one-third as 
high as the chambers. The tunnel angle 
measures 29° to 31° in the sixth volution 
and 29° to 33° in the seventh volution. 
The intersection of the tunnel with axial 
sections is irregular throughout all volu- 
tions, but it is much less irregular in the 
outer three or four volutions. The cho- 
mata are well developed. In the inner 
three or four volutions they are very 
asymmetrical and they extend almost to 
the poles. In the outer volutions they are 
less asymmetrical and are much nar- 
rower. In the seventh volution of forms 
of eight volutions the chomata are about 
two-thirds as high as the chambers, and 
there they are about one-third as high as 
wide. 

Remarks.— Fusulinella dakotensis more 
closely resembles and presumably is more 
closely related to F. furnishi, n. sp., than 
any other known representative of this 
genus. These two species can be easily 
distinguished, for in F. dakotensis there 
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is a larger number of volutions, the pro- 
loculum is smaller, the septa are appar- 
ently less highly fluted, the rate of in- 
crease of the height of the chambers for 
the different volutions is much slower, 
the central portion of the shell is more 
highly inflated, and the tunnel angle is 
larger than in F. furnishi. F. dakotensis 
can be distinguished from F. acuminata, 
n. sp., by the fact that the proloculum of 
the species under consideration is smaller, 
its tunnel angle is smaller, its volutions 
are more tightly coiled, and its shell is 
longer. 

Horizon and locality—The shells of 
this species occur in a very thin lime- 
stone layer near the middle of a purple 
shale in the railroad cut, approximately 
one-half mile north of Loring Siding, 
South Dakota, and they make up a large 
part of a thin limestone bed in the red 
shale one mile north of Loring Siding 
(Pl. 13, figs. 8-10). The latter horizon is 
about 60 feet above the base of the 
Minnelusa formation and the former 
horizon is 90 to 100 feet above the base 
of the Minnelusa. 


FUSULINELLA FURNISHI Thompson, n. sp. 


Plate 13, figures 1-4 
?Fusulinella euthusepta? Rotu, 1930, Am. 

Assoc. Petrol. Geol., Bull., vol. 14, p. 1262. 

Shell small and elongate, fusiform. 
Poles sharply to bluntly pointed. Lateral 
slopes low and convex. Mature specimens 
of six volutions are about 5 mm. in 
length and 1.3 to 1.4 mm. in width. The 
form ratio of mature individuals is 1:3.6 
to 1:3.9—specimens with a form ratio 
nearer the larger ratio are the more com- 
mon. 

The septa are composed of five layers. 
However, the anterior diaphanotheca is 
very indistinct and it cannot be recog- 
nized in the lower two-thirds of the septa. 
Most of the septa are rather poorly pre- 
served near the tunnel. The number of 
septa in the different volutions varies 
considerably with different specimens. 
The septal count for a typical specimen 
gives 8 for the first volution, 11 for the 
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second and third volutions, 15 for the 
fourth volution, and 18 for the fifth and 
sixth volutions. The septa are highly 
and rather narrowly fluted in the regions 
of the poles. Near the center of the shell 
of the outer volution the septa are very 
weakly fluted in their lower one-fourth. 
The septa are apparently unfluted near 
the center of the shell of the inner volu- 
tions. 

The proloculum is essentially spherical 
and its inside diameter measures from 
60 to 80 microns—the average is about 
75 microns. The rate of growth of the 
shell for successive volutions is rather 
uniform with different specimens. The 
heights of the chambers of the first six 
volutions of the figured sagittal section 
are 35, 61, 104, 140, 154, and 173 microns. 

The spirotheca is of moderate thick- 
ness. It is clearly composed of four 
layers. The lower portion of the upper 
tectorium is not greatly different in 
density from the diaphanotheca. Near 
the center of the tunnel of the sixth 
volution the upper tectorium is 7 microns 
thick, the diaphanotheca is 8.7 microns 
thick, and the lower tectorium is 5.3 
microns thick. The diaphanotheca thins 
rather rapidly poleward and it is not 
distinguishable in the regions of the 
poles. 

The tunnel is very broad and low. Its 
intersection with axial sections is very 
irregular in all volutions. The chomata 
are very asymmetrical in the inner volu- 
tions but they become more nearly sym- 
metrical in the outer volutions. In the 
fifth volution the chomata are about one- 
third as high as the chambers and about 
one-third as high as wide. The tunnel 
angle is 38° to 46° in the fifth and sixth 
volutions. 

Remarks.—Fusulinella furnishi  re- 
sembles rather closely F. dakotensis, de- 
scribed above, but the two species can 
be easily differentiated, for in F. furnishi 
the tunnel angle is larger, the rate of 
increase of the heights of the chambers is 
more rapid, there are fewer volutions, 
and the septa are apparently more highly 
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fluted than in F. dakotensis. The general 
shape of the shells of F. furnishi and F. 
acuminata are so different that further 
comparisons seem unnecessary. Exter- 
nally this species resembles rather closely 
Wedekindellina euthysepta (Henbest) and 
it seems probable that the specimens 
from near Loring Siding which Roth re- 
ferred to that species in 1930 actually 
represent this species. 

This species is named in honor of Mr. 
W. M. Furnish, who assisted the writer 
in collecting part of the fusulinids on 
which this study is based. 

Horizon and locality.—This species oc- 
curs in great abundance in a 3-foot ledge 
of light-gray limestone of the Minnelusa 
formation in the railroad cut approxi- 
mately one-half mile south of Loring 
Siding, South Dakota. This horizon was 
given by Roth (8, p. 1262) as 100 feet 
above the base of the Minnelusa forma- 
tion, but my measurements at this lo- 
cality indicate that it is slightly more 
than 130 feet above the base of that 
formation. 


FUSULINELLA ACUMINATA Thompson, n. sp. 
Plate 13, figures 5-7 


Shell small, rather short, uniformly 
fusiform. Poles sharply pointed. Mature 
forms of six volutions are about 3.6 mm. 
in length and 1.4 mm. in width, and they 
have a form ratio of 1:2.4 to 1:2.6. The - 
profile of the shell remains very uniform 
throughout growth of the individual. The 
lateral slopes are very uniform and even. 

The septa are rather numerous, but 
they increase in number very slowly from 
the second to the sixth volution. There 
are about 13 septa in the first volution, 
17 in the second volution, 19 in the third 
volution, 20 in the fourth volution, 22 in 
the fifth volution, and 25 in the sixth 
volution. The septa appear to be only 
slightly fluted in the extreme polar 
regions. 

The proloculum is essentially spherical 
and its inside diameter measures 95 to 
130 microns. The rate of increase of the 
heights of the volutions is rather uni- 
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form. The heights of the chambers in 
the first five volutions are 34, 60, 78, 
104, and 129 microns. 

The spirotheca is relatively thin. The 
diaphanotheca is extremely thin in the 
first volution and it gradually increases 
in thickness to about 7 microns in the 
fourth volution, 8.8 in the fifth volution, 
and 12.2 in the sixth volution. In the 
fifth volution the upper and _ lower 
tectoria are each about 5 microns thick. 

The tunnel is low and wide. In the 
fifth and sixth volutions it is about one- 
third as high as the chambers and about 
six times as wide as high. The tunnel 
angle is 36° to 43° in the fifth and sixth 
volutions. The chomata are well devel- 
oped and are very asymmetrical. In the 
fourth and fifth volutions they are about 
one-half as high as the chambers and are 
over twice as wide as high. 

Remarks.—Fusulinella acuminata is 
apparently very closely related to F. 
dakotensis and F. furnishi; however, the 
shape of its shell is so distinct from that 
of the last named species that further 
comparisons seem unnecessary. Its shell 
expands more rapidly than that of F. 
dakotensis, its proloculum is larger, its 
tunnel angle is typically larger, and it 
has a larger form ratio. 

Horizon and locality.—This species oc- 
curs associated with Fusulinella furnisht 
in a 3-foot ledge of light-gray limestone 
of the Minnelusa formation in the rail- 
road cut about one-half mile south of 
Loring Siding, South Dakota. This lime- 
stone is apparently 130 feet or more 
above the top of the Pahasapa limestone 
(Mississippian) on which the Minnelusa 
formation rests. 


FUSULINELLA VELMAE var. VELMAE 
Thompson, n. sp. and var. 
Plate 13, figures 11, 12; Plate 14, figures 5-7 
Shell small, short, obese. The central 
portion of the shell is inflated. The lateral 
slopes are very steep and in some forms 
they are slightly concave. The poles are 
very bluntly rounded. Mature forms of 
six to six and one-half volutions are 2.6 
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to 2.8 mm. in length and 1.4 to 1.6 mm. 
in width. The form ratio is 1:1.7 to 1:2; 
however, the average is much nearer the 
larger ratio. The external furrows are 
shallow and they are essentially straight 
throughout the length of the shell. 

The septa are relatively thick. They 
increase in number at a very uniform 
rate from the first to the sixth volution. 
There are 8 to 9 septa in the first volu- 
tion, 12 to 14 in the second volution, 
14 to 16 in the third volution, 17 to 19 
in the fourth volution, 20 to 22 in the 
fifth volution, and 23 to 25 in the sixth 
volution. The structure of the septa is 
typical of the genus. In the lower portion 
of the septa the anterior diaphanotheca 
is very thin. The septa are weakly fluted 
in the extreme polar regions and they 
are essentially straight across the central 
portion of the shell. 

The proloculum is small. It has an 
average inside diameter of about 70 
microns. In a few specimens the pro- 
loculum has an inside diameter as large 
as 120 microns, while in others it has a 
diameter as small as 50 microns. The 
heights of the chambers in the first seven 
volutions are 43, 60, 87, 112, 164, 190, 
and 225 microns. 

The structure of the spirotheca is 
clearly that of a typical representative of 
this genus. In many parts of some of the 


sections the spirotheca appears to be 
composed of only an upper tectorium 
and a tectum—the diaphanotheca and 
lower tectorium were apparently re- 
moved during fossilization. The dia- 
phanotheca is invisible in the first volu- 
tion, but it increases in thickness to 14 
microns at the center of the tunnel of 
the fifth volution. At the same position 
the upper tectorium is 14 microns thick 
and the lower tectorium is 7 microns 


‘thick. 


The tunnel is very low and broad. 
The chomata are well developed. In the 
inner three volutions they are very asym- 
metrical and extend from the tunnel to 
the poles, but in the outer volutions 
they become more nearly symmetrical. 
In the sixth volution the chomata are 
about one-half the height of the cham- 
bers. The tunnel angle is 42° to 48° in 
the sixth volution. 

Remarks.—Fusulinella velmae velmae 
is closely similar and presumably very 
closely related to F. primaeva (Skinner) 
of the Marble Falls limestone of Texas. 
However, these two species are appar- 
ently specifically distinct for in the 
former species the shell has a different 
shape, the chomata are better developed, 
its inner volutions apparently are differ- 
ent, and its septa may be slightly more 
highly fluted. I have not studied repre- 


EXPLANATION OF PLATE 14 


All illustrations on this plate are unretouched photographs. ' ; 
Fics. 1-4—Fusulinella velmae var. protensa Thompson, n. var. /, 3, Axial sections, X20; 2, 
sagittal section, X20; 4, external view, X10. From the Hartville formation of 


Wyoming. 


(p. 103) 


5-7— Fusulinella velmae var. velmae Thompson n. sp. and var. 5, Axial section, X20; 6, 
external view, X10; 7, sagittal section, X20. From the Hartville formation of Wy- 


(p. 101) 


oming. 
§-11—Fusulinella diminutiva Thompson, n. sp. 8, Sagittal section, X40; 9, tangential 
section showing the unfluted septa, X40; 1/0, 11, axial sections, X40. From the 


Hartville formation of Wyoming. 


(p. 104) 


12-17—Fusulina plattensis Thompsen, n. sp. /2, 14, 16, 17, Axial sections of mature and 
juvenile specimens, X20; /3, axial section of the inner three volutions of a mature 
form of seven volutions, X20; 15, sagittal section, X20. From the Hartville forma- 


tion of Wyoming. 


(p. 109) 


18-22— Fusulina truncatulina Thompson n. sp. /8, 19, External views X10; 20, 22, axial 
sections, X20; 2/, sagittal section, X 20. From the Hartville formation of bad hager 
p. 
23, 24—Fusulina sp. Axial sections, X 20. From the Hartville formation of Wyong: 
p. 
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sentatives of this Texas species or of F. 
llanoensis (Thomas) from the same 
formation and general locality in Texas, 
and it is probable that other differences 
can be pointed out when direct compari- 
sons are made. 

Some of the main differences which 
can be pointed out at the present time 
between F. velmae and F. llanoensis are 
that the tunnel angle of the former is 
larger, the septa are not so highly fluted, 
and the shell has a different shape. 

Horizon and locality—The syntypes 
of this species came from the west bluff 
of North Platte River, 100 yards west of 
the power house of the dam north of 
Guernsey, Wyoming. The lowest occur- 
rence is in a lavender-colored shale im- 
mediately below a 5-foot bed of lime- 
stone, a few feet above the level of the 
top of the power house; and they occur 
again very abundantly in the shales and 
limestones between 50 and 65 feet above 
the level of the roof of the power house 
(PI. 13, figs. 11, 12; Pl. 14, figs. 5-7). 


FUSULINELLA VELMAE var. 
Thompson, n. var. 
Plate 14, figures 1-4 

Shell small, elongate and uniformly 
fusiform. Poles bluntly rounded. Ex- 
ternal furrows shallow and essentially 
straight throughout the length of the 
shell. Mature specimens of six volutions 
are 3.6 to 4 mm. in length and 1.4 mm. 
in width. The form ratio is about 1:2.9. 
The lateral slopes are low and convex in 
most specimens; however, a few speci- 
mens have rather sharply pointed poles, 
slightly inflated central portions, and 
form ratios of less than 1:3. 

The septa are relatively thick. They 
increase in number somewhat uniformly 
from the first to the fifth volution. In 
four typical specimens there are 10 septa 
in the first volution, 14 in the second 
volution, 16 to 18 in the third volution, 
18 to 21 in the fourth volution, and 21 
in the fifth volution. The septa are rather 
closely fluted in the extreme polar re- 
gions, but they are essentially unfluted 
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in the central one-half of the shell. The 
septa are clearly composed of five layers. 
However, the anterior diaphanotheca be- 
comes very thin near the base of the 
septa and the posterior diaphanotheca 
appears to extend onto the tectum of the 
preceding volution of some sections. 

The spirotheca is thin. It is composed 
of four layers, but in most parts of the 
specimens sectioned the lower tectorium 
has been destroyed and in many speci- 
mens the diaphanotheca has not been 
preserved. Near the center of the tunnel 
of the fifth volution of a typical speci- 
men, the diaphanotheca is 12 microns 
thick and the upper tectorium is about 
15 microns thick. 

The proloculum is essentially spherical 
and its inside diameter measures 70 to 
100 microns. The rate of expansion of 
the shell is very uniform. The heights of 
the chambers of the first six volutions 
measure 52, 60, 87, 112, 156, and 182 
microns. 

The tunnel is low and very broad. In 
the sixth volution the tunnel is about 
one-half as high as the chambers and 
about one-seventh as high as wide. The 
tunnel angle is about 47° in the sixth 
volution. The chomata are asymmetrical. 
In the fifth volution they are about two- 
thirds the height of the chambers and 
about four times as broad as high. 

Remarks.—This variety is very similar 
to the variety F. velmae velmae in all re- 
spects except the shape of the shell and 
the development of the chomata. In the 
variety protensa the shell of mature in- 
dividuals is 3.6 to 4 mm. in length 
compared to 2.6 to 2.8 for mature forms 
of the variety velmae. Also the chomata 
of the variety protensa are more asym- 
metrical, lower, and broader. 

This species is known to range through 
about 65 feet of beds, but the variety 
protensa has been found in only the upper 
15 feet of these beds. In this upper 15 
feet there are three layers of light-gray 
limestone which are filled with the shells 
of F. velmae velmae and F. velmae pro- 
tensa. The fusulinids in the lower of these 
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layers are almost all referable to variety 
velmae whereas the fusulinids of the 
upper limestone are almost all referable 
to the variety protensa. All gradations 
between these two varieties have been 
found and the evolution seems to have 
been from the short to the long variety. 

The general shape of F. velmae protensa 
is closely similar to that of F. prolifica 
Thompson of the Atoka formation of 
Oklahoma. However, the Oklahoma form 
is much smaller, has quite different cho- 
mata, and has a smaller proloculum and 
thinner spirotheca. F. velmae protensa 
also resembles F. primaeva (Skinner) and 
F. llanoensis (Thomas) of the Marble 
Falls limestone of Texas, but in F. 
llanoensis the tunnel angle is smaller, the 
septa are more narrowly fluted, the 
chomata have a different structure, and 
the shapes of the shells are different. The 
shell of F. primaeva is shorter than that 
of the species under consideration and 
its chomata are different. 

Horizon and locality—The syntypes 
of this variety came from 15 feet of 
shale and limestone beds about 50 to 65 
feet above the level of the top of the 
power house at the dam on North Platte 
River, near Guernsey, Wyoming. 


FUSULINELLA DIMINUTIVA Thompson, n. sp. 
Plate 14, figures 8-11 


Shell very minute, short, and ellip- 
soidal. The poles are rounded and the 
lateral slopes are low, giving rise to an 
elliptical profile. Mature forms consist of 
two and one-half to three volutions and 
they are about 0.35 mm. in length and 
about 0.28 mm. in width. The form ratio 


is about 1:1.3 for mature individuals. 
The inner one or two volutions are sub- 
globular in shape, and the first volution 
is subumbilicate. 

The septa are thin and numerous. A 
typical specimen has 10 septa in the first 
volution and 15 in the second volution. 
They are apparently unfluted throughout 
the length of the shell, except possibly in 
the extreme polar regions. 

The extreme thinness and the nature 
of preservation of the spirotheca makes 
impossible a determination of its exact 
structure. However, it is apparently 
coated on both sides with a layer of 
tectorium. There is no good reason to be- 
lieve that the spirotheca of this species 
has a structure different from that of 
other representatives of this genus. 

The proloculum is extremely small and 
its inside diameter measures only about 
25 microns. The rate of expansion of the 
shell is very uniform. 

The tunnel is almost circular in cross 
section. The chomata are well developed 
and they are very asymmetrical. Their 
slopes on the tunnel-side are very steep 
but their poleward slopes are very low. 
The chomata extend essentially to the 
poles. 

Remarks.—Fusulinella diminutiva is 
the smallest species of fusulinids known 
from America. It belongs to the group 
of species that have been referred to the 
genus Schubertella Staff and Wedekind 
and it is comparable in size to the type 
of that genus, Fusulinella transitoria 
(Staff and Wedekind). Lee and Chen (6) 
have described some closely similar 
species from China and at least two 


EXPLANATION OF PLATE 15 
Allillustrations on this plate are unretouched photographs and all are magnified X 20, except 


figures 2 and 3 which are magnified X10. 


Fics. 1, 2, 8—Fusulina distenta Roth and Skinner. 1, Axial section; 2, external view; 8, sagittal 


section. From the Hartville formation of Wyoming. (p. 106) 
3-—5— Fusulina euryteines Thompson. 3, External view; 4, axial section; 5, sagittal section. 
From the Hartville formation of Wyoming. (p. 107) 


6, 9-11—Wedekindellina excentrica (Roth and Skinner). 6, Sagittal section; 9, //, axial 
sections; 10, sagittal section. From the Hartville formation of Wyoming. (p. 105) 
7—Wedekindellina coloradoensis perforata Roth and Skinner. Axial section of a topotype 


from the lower fossiliferous horizon of the McCoy formation at McCoy, Coort0s) 
p. 
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closely similar forms are known from 
America, Fusulinella gallowayit (Skinner) 
and F. oliviformis Thompson. However, 
the two American species just mentioned 
are much larger and have a_ thicker 
spirotheca than has F. diminutiva. In 
1932 White (14) described a form from 
the Graham formation of Texas as 
“Triticites sp. B’ which resembles this 
group of species, but White has stated 
that the spirotheca of his specimens has a 
typical “‘triticitian” structure. This is the 
only fusulinid that White has listed from 
the locality and horizon at which he ob- 
tained his specimens of this form, but 
he states that they represent young in- 
dividuals. 

Horizon and locality —The syntypes 
of this species came from a 6-foot, very 
arenaceous, light-gray limestone, about 
150 feet above the level of the river, on 
the west bluff, near the north end of the 
canyon of North Platte River, sec. 8, 
T. 30 N., R. 68 W., about 8 miles south- 
east of Orin Junction, Wyoming. 


Genus WEDEKINDELLINA Dunbar 
and Henbest 
WEDEKINDELLINA EXCENTRICA 

(Roth and Skinner) 
Plate 15, figures 6, 9-11; Plate 16, figure 12 
Wedekindella excentrica ROTH AND SKINNER, 

1930, Jour. Paleontology, vol. 4, pp. 340, 

341, pl. 30, figs. 1-3. 

This species was recently described 
and illustrated in this Journal by Roth 
and Skinner and there is no need to du- 
plicate their work. However, | am illus- 
trating some of my Wyoming speci- 
mens and a topotype of HH’. coloradoensis 
perforata (Roth and Skinner) from the 
lower fossiliferous horizon at McCoy, 
Colorado, for comparison. 

There are two groups of specimens in 
my Wyoming collection which may rep- 
resent distinct varieties, but I am tenta- 
tively referring them to the same species. 
The major difference between these two 
groups is to be found in their form ratios. 
In one of these groups of specimens, 
mature forms are about 5 mm. in length 
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and 1.6 mm. in width and have a form 
ratio of about 1:3.1. In the other group, 
mature forms are about 4 mm. in length 
and 1.8 mm. in width and have a form 
The first of these 
groups is represented by figures 6 and 9 
on plate 15 and figure 12 on plate 16, 
and the second group is represented by 
figures 10 and 11 on plate 15. 

The longer type of specimens just 
mentioned seems to be referable to the 
species excentrica, but the general shape 
of the shell of the second group agrees 
more closely with that of Roth and 
Skinner's W. magna. However, I am 
tentatively regarding them as the same 
variety. There are 10 to 11 volutions in 
mature representatives of both groups, 
and the inside diameter of the prolo- 
culum of each measures 60 to 70 microns. 
The tunnel angle of both groups is about 
21° in the ninth volution. The tectum is 
easily distinguishable in the septa and 
the spirotheca, and the diaphanotheca 
of the spirotheca increases in thickness 
from a very thin layer in the inner volu- 
tion to about 17.5 microns in the eighth 
volution. The septal count of both 
groups agrees very closely with that 
given by Roth and Skinner for the 
variety excentrica 

Remarks.—W. excentrica is easily dis- 
tinguished from |W. coloradoensis colora- 
doensis (Roth and Skinner) and W. 
coloradoensis perforata (Roth and Skin- 
ner), for in the latter two forms the 
tunnel angle is larger and the fillings in 
the axial regions are not as heavy—in 
some specimens of coloradoensis 
perforata the tunnel angle is as large as 
35°. W. excentrica can be distinguished 
from W’. henbesti (Skinner) by its smaller 
tunnel angle (Skinner gives the tunnel 
angle of W. henbesti as 27° to 29°) and 
larger form ratio, and the axial filling of 
the former species seems to be much 
heavier. HW’. excentrica and W. euthysepta 
(Henbest) are very closely similar and it 
may not be possible to distinguish them 
specifically. However, it now appears 
that W. euthysepta has a much smaller 
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proloculum, has a smaller form ratio, and 
is smaller in size. 

Nine species and two varieties have 
been recognized that are referable to 
Wedekindellina. With the exception of 
W. rawi (Lee) of the Lower Pennsyl- 
vanian of Manchuria, all of these species 
and varieties are known only from 
America.‘ All of the American representa- 
tives occur at approximately the same 
horizon and only in the central portion 
of the continent. The Manchurian species 
is found associated with representatives 
of the genus Fusulina s. s. which are 
apparently very closely related to the 
representatives of Fusulina found associ- 
ated with representatives of Wedekindel- 
lina in America. The vertical range of 
the genus Wedekindellina appears to be 
shorter than that of any other of the 
prolific genera of fusulinids. That ten 
species or varieties of one genus existed 
almost simultaneously over such a small 
area in America seems open to question. 
Furthermore, the value of the characters 
by which species and varieties of this 
genus are differentiated is open to ques- 
tion. However, rapid evolutionary de- 
velopments which may have caused the 
early extermination of this peculiar group 
of fusulinids may well have given rise in 
a short period of time to a large number 
of distinct forms. 

Horizon and locality—The specimens 
on which this study is based came from 
approximately 200 feet above the level of 
the lake, about three-fourths of a mile 
west of the dam on North Platte River, 
near Guernsey, Wyoming (PI. 15, figs. 
6, 9-11; Pl. 16, fig. 12). The syntypes 
came from the McCoy formation near 
McCoy, Colorado. 


Genus FusuLina Fischer de Waldheim 
FUSULINA DISTENTA Roth and Skinner 
Plate 15, figures, 1, 2, 8 


Fusulina distenta RotH and SKINNER, 1930, 
Jour. Paleontology, vol. 4, pp. 346, 347, pl. 
31, figs. 1-3. 


* Recently Doutkevitch (Petroleum Prosp. 
Geol. Inst., A, vol. 36, pp. 1-98, 1934) and 
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This species was recently described by 
Roth and Skinner in this Journal and 
there is no need for me to duplicate their 
work. However, these authors illustrated 
polished sections of their types and, since 
the internal structures of fusulinids can 
best be understood from illustrations of 
thin sections, I am figuring some of the 
Wyoming specimens. 

The diaphanotheca of the spirotheca 
increases in thickness from an almost 
invisible layer in the first volution to 
about 18 microns in the seventh volution. 
The lower portion of the upper tectorium 
of the spirotheca is very similar in density 
to the diaphanotheca on the opposite 
side of the tectum; but the anterior 
diaphanotheca of the septa is very thin. 
The other data from my specimens agree 
very closely with those given by Roth 
and Skinner. 

As pointed out by Roth and Skinner, 
this species resembles rather closely F. 
girtyi (Dunbar and Condra) in size and 
shape. However, in F. distenta the 
chomata are much better developed, the 
tunnel angle is larger, and the septa are 
not so highly or narrowly fluted. This 
species under consideration is apparently 
rather closely related to F. pumila 
Thompson of the Des Moines series of 
Iowa, but F. pumila is smaller, contains 
fewer volutions, and the diaphanotheca 
is thinner for corresponding volutions. 
F. distenta is rather closely similar to F. 
euryteines Thompson, but it can be dis- 
tinguished from that species for it has a 
larger form ratio, a smaller tunnel angle, 
more highly developed chomata, and 
usually a smaller proloculum. One of 
the last two species just mentioned is 
short and the other is long and they are 
found associated in the same bed of lime- 
stone. Somewhat similar association of 
a short and a long closely similar 
“‘species”’ of fusulinids is rather common. 
In the Des Moines series of Iowa the 


Semichatov (Geol. Mag., vol. 72, pp. 433-441, 
1935) reported very abundant Wedekindellina 
faunas from the Lower Pennsylvanian of 
Russia. 
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following species of this same genus oc- 
cur together: F. euryteines and F. pumila, 
F, girtyi and F. stookeyi Thompson, and 
F. mysticensis Thompson and F. megista 
Thompson. Also the association of a short 
and a long closely similar species of other 
genera, such as Triticites and Fusulinella, 
has been recorded a number of times. In 
all of the cases cited above from the Des 
Moines series of Iowa and in other asso- 
ciated long and short species of fusulinids 
with which I am familiar, there are 
characters which are generally regarded 
as being of specific value, other than 
the shapes of the shells, by which these 
associated forms may be distinguished. 
Nevertheless, there is a possibility that 
those two types of specimens so com- 
monly associated are sexual or dimorphic 
representatives of the same species. How- 
ever, since we are now able to recognize 
and separate these two types of forms, 
and further since so many long as well 
as short species of fusulinids occur alone, 
it would seem to me best, for the present 
at least, to continue to designate them 
by different names. 

Horizon and locality—The specimens 
on which this study was made came from 
the shale immediately below a 3-foot 
ledge of limestone on the bluff about 200 
feet above the lake, three-fourths of a 
mile west of the dam on North Platte 
River near Guernsey, Wyoming (PI. 15, 
figs. 1, 2, 8). This limestone is about 350 
feet above the Mississippian limestone. 
The syntypes came from the McCoy 
formation near McCoy, Colorado. 


FUSULINA EURYTEINES Thompson 
Plate 15, figures 3-5 


Fusulinella meeki DUNBAR AND CONDRA, 
1927, Nebraska Geol. Survey, Bull. 2, pp. 
78-80, pl. 15, figs. 4-6, and (?) pl. 2, figs. 
12-14. [Not Fusulina ventricosa meeki M6l- 
ler, 1879.)—WartHIN, 1930, Oklahoma 
ew Bull. 53, pp. 32, 33, pl. 2, 


g. 11. 
Fusulinella, n. sp. HENBEST, 1928, Jour. 
Paleontology, vol. 2, p. 79, pl. 10, figs. 2, 4. 
?Fusulina meeki WuiteE, 1932, Univ. Texas, 
Bull. 3211, pp. 27-30, pl. 1, figs. 7-12. 
Fusulina euryteines THOMPSON, 1934, Univ. 
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Iowa, Studies Nat. Hist., vol. 16, pp. 310- 

313, pl. 22, figs. 4, 13, 14, 18. 

The specimens from Wyoming which 
I am referring to this species differ some- 
what from the syntypes, which came 
from the Cherokee of Iowa, but the 
differences do not seem to me to be of 
specific value. Nevertheless, for the sake 
of comparison, I am describing and il- 
lustrating the Wyoming specimens. 

Shell small, fusiform. Poles bluntly 
pointed. Lateral slopes convex and rather 
low. In young individuals the poles are 
sharply pointed but during no stage of 
development is there a tendency toward 
inflation of the central portion of the 
shell. Mature individuals consist of 
seven to eight volutions, are about 5.4 
mm. in length and 2.1 mm. in width, 
and have a form ratio of about 1:2.6. 

The septa are very numerous. The 
septal count of the first to the sixth 
volution of a typical specimen is 13, 26, 
27, 32, 40, and 40. The septa are clearly 
composed of five layers, but the anterior 
diaphanotheca is very thin. The septa 
are fluted, though somewhat moderately 
so, throughout the length of the shell, 
and the fluting extends essentially to 
the top of the septa. The proloculum has 
an inside diameter of about 140 microns. 

The spirotheca are only moderately 
thick for the genus. Near the center of 
the tunnel of the fifth volution, the upper 
tectorium is 14 microns thick, the dia- 
phanotheca is 12 microns thick, and the 
lower tectorium is 18 microns thick. Near 
the center of the shell, the diaphanotheca 
of the sixth volution is about 18 microns 
thick. Poleward the tectoria decrease in 
thickness, and near the poles the upper 
tectorium is only about 4 microns thick 
and the lower tectorium is about 1 
micron thick. 

The tunnel is rather low and narrow. 
In the seventh volution it is about one- 
half the height of the chambers and 
about one-third as high as wide. The 
intersection of the tunnel with axial 
sections forms a somewhat irregular 
course in the inner four volutions but in 
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the outer volutions the course becomes 
more regular. The chomata are well de- 
veloped throughout the shell, except in 
the latter part of the outer one volution. 
They are narrow and asymmetrical, and 
are about three-fourths as high as the 
chambers in the fifth and sixth volutions. 
The tunnel angle is about 23° in the 
fifth and sixth volutions, and it is about 
29° in the eighth volution. 

Remarks—The Wyoming specimens 
on which this study is based have a more 
nearly symmetrical shell than do most 
of the syntypes, the lateral slopes are 
not concave as in many of the syntypes, 
and the central portion is not inflated as 
in the syntypes. Also, the Wyoming 
specimens are slightly larger and longer 
than the Iowa specimens. Nevertheless, 
both the Iowa and the Wyoming forms 
are closely similar, are of approximately 
the same age, and occupy about the same 
position in the evolutionary series of the 
genus; and it therefore seems to me that, 
at least until further data are obtained, 
they should be considered as representing 
only one species. 

Horizon and locality—The specimens 
on which the above description is based 
came from the shale immediately below 
a 3-foot ledge of light-gray limestone on 
the bluff about three-fourths of a mile 
west of the dam on North Platte River 
near Guernsey, Wyoming (PI. 15, figs. 
3-5). This horizon is about 200 feet 
above the level of the lake and about 
350 feet above the Mississippian lime- 
stone. The syntypes came from the 
middle portion of the Cherokee of Iowa 
and conspecific forms have been reported 
by Dunbar and Condra from over the 
Rich Hill coal near Rich Hill, Missouri; 
by Henbest from the Stonefort limestone 
of southern Illinois; by Warthin from the 
upper portion of the Wetumka formation 
of Oklahoma; and some forms have been 
described and illustrated by Dunbar and 
Condra and by White from the Millsap 
formation of Texas that may be con- 
specific. 
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FUSULINA TRUNCATULINA Thompson, n. sp. 
Plate 14, figures 18-22 

Shell small, short, fusiform. Poles 
bluntly pointed. External furrows shal- 
low. Mature forms of six volutions are 
about 2 mm. in length and 1 to 1.2 
mm. in width. The form ratio is 1:2 to 
1:1.6. The central portion of mature 
shells is inflated and the lateral slopes 
become slightly concave in some speci- 
mens; however, in very short specimens 
the lateral slopes are very steep and the 
poles are rounded. 

The proloculum is small. Its inside 
diameter measures 50 to 85 microns; the 
average for six specimens being 70 
microns. The expansion of the volutions 
is rather gradual, and the heights of the 
first six volutions are 43, 61, 70, 96, 156, 
and 173 microns. 

The spirotheca is relatively thick for 
the genus. The diaphanotheca increases 
in thickness from an almost invisible 
layer in the first volution to about 20 
microns in the fifth volution. The tectoria 
are well developed and they change in 
thickness only slightly from the center 
of the shell to the poles—near the center 
of the shell of the fifth volution they each 
measure about 9 microns in thickness. 

The septa are thick, they are rather 
numerous, and they have a structure 
typical of the genus. In a typical speci- 
men there are 10 septa in the first volu- 
tion, 14 in the second volution, 16 in the 
third volution, 21 in the fourth volution, 
and 25 in the fifth volution. In the inner 
three or four volutions the septa are 
broadly fluted in the polar regions, but 
they are essentially unfluted near the 
tunnel. In the outer volutions the septa 
are fluted throughout the length of the 
shell, but they are not brought in contact 
by the fluting near the center of the shell. 

The tunnel is rather high and narrow 
from the first to the fifth volution, and 
in the sixth volution it becomes rather 
wide. The tunnel angle is about 25° in 
the fifth volution, but it is as large as 
46° in the sixth volution. The chomata 
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are well developed. In the inner three 
volutions they are very asymmetrical 
and extend almost to the poles. In the 
outer volutions they become more nearly 
symmetrical and are over one-half the 
height of the chambers in the fifth and 
sixth volutions. 

Remarks.—The internal structures of 
this species are somewhat similar to those 
of the very small species, Fusulina 
lucasensis Thompson, of the upper por- 
tion of the Cherokee of Iowa, and the 
two species seem to have reached a 
similar stage of development. F. trun- 
catulina is also somewhat similar to F. 
plattensis, described below, but its shell 
is smaller and shorter, its septa are more 
highly fluted, and its shell expands more 
rapidly. 

Horizon and locality—The syntypes 
came from a 6-foot bed of medium-gray 
limestone, about 110 feet above the 
level of the river, on the west bluff, near 
the north end of the canyon of North 
Platte River, in sec. 8, T. 30 N., R. 68 
W., about 8 miles southeast of Orin 
Junction, Wyoming. 


FUSULINA ROCKYMONTANA Roth and Skinner? 


Plate 16, figures 10, 11 
Fusulina rockymontana ROTH AND SKINNER, 

1939, Jour. Paleontology, vol. 4, pp. 344, 

345, pi. 31, figs. 4-6. 

Among my Wyoming collections there 
are a few sections of a rather large rep- 
resentative of this genus which agree 
closely with the description and illus- 
trations of the syntypes of this species, 
but which may not be conspecific with 
them. A closer specific determination is 
not possible from the few specimens in 
my collection from Wyoming and hence 
I am tentatively referring them to this 
species. F. rockymontana was recently 
described and illustrated in this Journal 
by Roth and Skinner but since their il- 
lustrations are of polished sections, and 
not of thin sections as is common prac- 
tice today, I am figuring thin-sections of 
a topotype from the lower fossiliferous 
horizon at McCoy, Colorado (PI. 16, fig. 
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1), and of two of my specimens from 
Wyoming. 

The Wyoming specimens of seven 
volutions measure about 4.5 mm. in 
length and 1.9 mm. in width, whereas 
one of my topotypes of six and one-half 
volutions is about 4.5 mm. in length 
and 1.9 mm. in width. The inside di- 
ameter of the proloculum of one of the 
Wyoming specimens is about 100 mi- 
crons, and the tunnel angle of the same 
specimen is 38° in the seventh volution. 
The tunnel angle for the same volution 
of one of my topotypes is also 38°. The 
diaphanotheca of one of the topotypes 
is 8.7 microns in the third volution, 10.5 
microns in the fourth volution, 12.2 
microns in the fifth volution, and 15.7 
microns in the sixth volution, but the 
thickness of the diaphanotheca of the 
six volution of the Wyoming specimens 
is about 18 microns. In the Wyoming 
specimens the chomata are not uniform 
and the septa are apparently slightly 
more narrowly fluted. 

Fusulina rockymontana is similar in 
general shape to F. euryteines but the 
internal structures of the two species are 
quite different. In the former species the 
chomata are more uniform throughout 
the shell and more nearly like those of 
the genus Fusulinella, the septa are not 
as highly or narrowly fluted, and the 
tunnel angle is much larger. 

Horizon and locality—The syntypes 
of this species came from the McCoy 
formation near McCoy, Colorado, and 
the specimens from Wyoming which I 
am referring with question to this species 
came from a 6-foot bed of pale purplish- 
gray limestone, about 110 feet above the 
level of the river, near the north end of 
the canyon of Noth Platte River, in sec. 
8, T. 30 N., R. 68 W., about 8 miles 
southeast of Orin Junction, Wyoming 
(Pl. 16, figures 10, 11). 


FUSULINA PLATTENSIS Thompson, n. sp. 


Plate 14, figures 12-17 


Shell small, elongate fusiform; with 
sharply pointed poles and low lateral 
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slopes. Mature forms consist of six to 
seven volutions and are about 3.5 mm. 
in length and 1.5 mm. in width. The form 
ratio of mature forms is about 1:2.3. 
The inner two or three volutions are 
short, they have an elliptical profile, their 
poles are very bluntly pointed, their 
septa are fluted only in the extreme polar 
regions, and their chomata are very 
asymmetrical and well developed. In at 
least the outer three volutions the 
poles become more sharply pointed, the 
chomata are more nearly symmetrical, 
and the septa are apparently fluted 
throughout the length of the shell; how- 
ever, in these volutions the fluting seems 
to be very broad and weak near the 
center of the shell and the septa ap- 
parently are not brought in contact by 
the fluting. 

The inside diameter of the proloculum 
measures 60 to 70 microns. The inner 
two volutions are very tightly coiled 
and the outer volutions are more rapidly 
expanding. The heights of the first six 
volutions are 35, 43, 70, 138, 173, and 
216 microns. 

The diaphanotheca of the spirotheca 
is rather thick for the genus, but the 
tectoria are exceptionally thin in the 
outer three volutions. Near the center 
of the shell of the seventh volution, the 
diaphanotheca is about 30 microns thick. 
At the same position of the sixth volu- 
tion, the upper tectorium is about 5 
microns thick, the diaphanotheca is 
about 20 microns thick, and the lower 
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tectorium is about 9 microns thick. In 
the fourth volution the diaphanotheca 
is only about 10 microns thick. In the 
outer three volutions the tectoria thin 
rapidly poleward and they are very thin 
or absent in the polar regions. 

The septa are rather numerous. The 
septal count of a typical specimen gives 
8 for the first volution, 13 for the second 
and third volutions, 18 for the fourth 
volution, and 25 for the fifth volution. 

The tunnel is very narrow and its 
course is slightly irregular in the inner 
three volutions, but in the outer volu- 
tions its course becomes more nearly 
straight, and there it is low and wide. In 
the sixth volution the tunnel angle is 
about 33°. The chomata are well de- 
veloped in all volutions except the last 
half of the outer one. In the fifth and 
sixth volutions they are essentially sym- 
metrical and are about one-half as high 
as the chambers. The chomata of the 
inner three volutions extend essentially 
to the poles. 

Remarks.—The inner volutions of this 
species are like those of typical Fusult- 
nella and the outer volutions are like 
those of typical Fusulina. However, 
even in the outer volutions the septa 
are not as highly fluted as are those of 
some earlier representatives of the genus 
Fusulina. The weakly fluted septa, thick 
diaphanotheca in the outer volutions, 
and the thin tectoria suggest that per- 
haps this form is closely related to the 
genus Triticites and has developed di- 


EXPLANATION OF PLATE 16 


All illustrations on this plate are unretouched photographs and all are magnified X 20. 
Fics. 1—Fusulina rockymontana Roth and Skinner. Axial section of a topotype from the lower 


fossiliferous horizon of the McCoy formation at McCoy, Colorado. 


(p. 109) 


2-5—Triticites submucronata Thompson, n. sp. 2, Excentric section; 3, axial section; 4, 
sagittal section; 5, a portion of a tangential section showing the nature of the septal 


fluting. From the Hartville formation of Wyoming. 


(p. 112) 


6-9—Triticites milleri Thompson, n. sp. 6, 8, Axial sections; 7, slightly oblique tangential 
section showing the nature of the septal fluting; 9, sagittal section. From the Hart- 


ville formation of Wyoming. 


(p. 112) 


10, 11—Fusulina rockymontana Roth and Skinner? 10, Axial section; //, axial section of a 
specimen in which two young individuals of only one volution united and developed 
five outer volutions as one specimen. From the Hartville formation of Wyoming. 


12—Wedekindellina excentrica (Roth and Skinner). Axial section tangential to the prolocu- 
lum. From the Hartville formation of Wyoming. (p. 105) 
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rectly from the genus Fusulinella. It is 
not typical of any one of these three 
genera, but I am tentatively referring 
it to the genus Fusulina. It seems clear, 
however, that Triticites of the type of 
T. irregularis (Schellwien and Staff) did 
not develop from this type of forms but 
was derived from Fusulinella of a group 
like F. primaeva (Skinner), F. pseudobocki 
(Lee and Chen), F. chuanshanensis (Lee 
and Chen), and F. velmae, n. sp. F. 
plattensis seems to be very distinct from 
any other known American species. 

Horizon and locality—The syntypes 
came from the upper part of an 8-foot 
bed of brittle, slabby, medium-gray lime- 
stone, about 300 feet above the level of 
the lake, 450 feet above the Mississippian 
limestone, three-fourths of a mile west of 
the dam, on the west bluff of North 
Platte River, north of Guernsey, Wyo- 
ming. 


FUSULINA sp. 
Plate 14, figures 23, 24 


I have obtained twelve sections of a 
form which resembles in many respects 
F. plattensis, n. sp., with which it is 
found associated, but the two groups of 
specimens do not seem to me conspecific. 
I do not have sufficient material on which 
to base a specific description or deter- 
mination, but it seems advisable to illus- 
trate some of these specimens and to 
include a brief description of them for 
the sake of completeness. 

My largest specimen of six volutions 
has a width of about 1.6 mm. and a 
specimen of five volutions has a length 
of about 3.2 mm. and a width of about 
1.2 mm. The profile of the shell is quite 
similar for all volutions and the lateral 
slopes are slightly convex. The poles are 
rather sharply pointed. 

The septa are moderately thick for 
the genus and they are highly and nar- 
rowly fluted throughout the length of 
the shell. The septal count for the first 
five volutions of one of my specimens 
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gives 9, 15, 21, 25, and 30. The pro- 
loculum has an inside diameter of about 
.87 microns. From the first to the sixth 
volution the rate of expansion is rather 
uniform. 

The spirotheca has a structure typical 
of the genus, but the tectoria are very 
thin and the diaphanotheca is unusually 
thick. The diaphanotheca is 28 microns 
thick in the fourth volution, but in the 
first volution it is extremely thin. 

The tunnel is rather high and narrow 
and the tunnel angle is about 30° in the 
fifth volution. The chomata are only very 
weakly developed and they are essenti- 
ally symmetrical throughout the shell. 

Remarks.—This form resembles in 
general appearance the specimens figured 
by Roth and Skinner as the syntypes of 
their species F. hartvillensis and F. 
minutissma, and they may all be con- 
specific. However, the illustrations and 
descriptions of Roth and Skinner's speci- 
mens are not adequate for detailed 
specific comparisons. From the published 
data I cannot separate specifically the 
two figured specimens on which these 
two names rest. The measurements given 
by these authors for their specimens 
agree very closely with the measurements 
of my specimens, but their illustrations 
(with stated magnifications of X20) 
show much smaller specimens than my 
specimens of an equal number of volu- 
tions. 

The specimens on which this descrip- 
tion is based have much more highly 
fluted septa than F. plattensis, have dif- 
ferent chomata, and have quite different 
inner volutions. 

Horizon and locality.—The specimens 
on which this discussion is based came 
from the upper part of an 8-foot bed of 
brittle, slabby, medium-gray limestone, 
about 300 feet above the level of the 
lake, 450 feet above the Mississippian 
limestone, three-fourths of a mile west 
of the dam, on the west bluff of North 
Platte River, north of Guernsey, Wyom- 
ing. 
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Genus TRITICITEsS Girty 
TRITICITES SUBMUCRONATA Thompson, n. sp. 


Plate 16, figures 2-5 


Shell small, elongate uniformly fusi- 
form. Poles rather sharply pointed. 
Lateral slopes low and uniform. Mature 
forms consist of six to seven volutions. 
Typical specimens of six volutions are 
about 4.5 mm. in length and 1.6 mm. in 
width. Specimens of five volutions are 
about 3.7 mm. in length and 1.3 mm. 
in width. The form ratio is about 1:3 for 
the fifth and sixth volutions. 

The septa are rather thin and are very 
numerous. The septal count gives about 
11 for the first volution, 16 for the second 
volution, 19 for the third volution, 24 
for the fourth and fifth volutions, and 26 
for the sixth volution. The septa are 
strongly fluted in the extreme polar re- 
gions but they are only slightly fluted in 
their lower portions near the tunnel. 

The proloculum is small and its inside 
diameter measures only about 75 mi- 
crons. The rate of expansion of the shell 
is rather uniform. The heights of the 
first six volutions are 44, 53, 88, 105, 
175, and 210 microns. ; 

In the inner two volutions the spiro- 
theca is very thin, but in the outer volu- 
tions it becomes relatively thick. In the 
third, fourth, fifth, and sixth volutions 
its thickness is 15, 35, 44, and 70 microns, 
respectively. The keriotheca definitely 
has an aveoli structure, but the preserva- 
tion is such that the alveolar are not 
very distinct. 

The tunnel is low and rather wide. The 
tunnel angle is about 34° in the sixth 
volution. The chomata are well de- 
veloped. In the inner two or three volu- 
tions they are somewhat asymmetrical 
but in the outer volutions they became 
more nearly symmetrical and in the 
fifth volution of forms of six volutions 
they are over one-half the height of the 
chambers and about one-third as high as 
wide. 


Remarks.—Triticites submucronata 


more nearly resembles Triticites milleri, 
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n. sp., than any other known representa- 
tive of this genus in America. It can be 
distinguished from the latter by its 
smaller tunnel angle, more rapidly ex- 
panding volutions, more numerous septa, 
and larger shell. 

Horizon and locality—The syntypes 
came from a hard red crystalline lime- 
stone on the west bluff of North Platte 
River, near the north end of the canyon, 
about 280 feet above the river, in sec. 
8, T. 30 N., R. 68 W., about 8 miles 
southeast of Orin Junction, Wyoming. 


TRITICITES MILLER! Thompson, n. sp. 
Plate 16, figures 6-9 


Shell small, very evenly fusiform. Poles 
sharply pointed. Mature forms of six 
volutions are about 3.6 mm. in length 
and 1.4 mm. in width. The form ratio 
is 1:2 for the fourth volution, 1:2.8 for 
the fifth volution, and 1:2.5 for the sixth 
volution. The shell is very symmetrical 
throughout all volutions and the lateral 
slopes are very even. 

The septa are rather thin. The septal 
count of a typical specimen gives 10 
for the first volution, 13 for the second 
volution, 16 for the third and fourth 
volutions, 15 for the fifth volution, and 
20 for the sixth volution. The septa are 
rather strongly fluted in the extreme 
polar regions but their basal portion is 
only slightly wavy across the mid-portion 
of the shell. 

The proloculum is small and its inside 
diameter measures 50 to 80 microns. 
The inner two to three volutions of this 
species are very tightly coiled, but the 
outer volutions become much more 
loosely coiled. The heights of the first six 
volutions are 35, 38, 62, 88, 157, and 245 
microns. 

The spirotheca is thick. It is clearly 
composed of only a tectum and a kerio- 
theca, but the preservation is such that 
the aveoli are not very distinct. The 
thickness of the spirotheca increases 
very rapidly in the first six volutions, 
and in these volutions the spirotheca 


- 


FUSULINIDS FROM THE BLACK HILLS 


measures 7, 13, 18, 35, 62, and 70 mi- 
crons, respectively. 

The tunnel is very low and broad and 
it is symmetrical. In the sixth volution 
the tunnel angle is 50° to 54°. The cho- 
mata are very well developed in all parts 
of the shell, except the outer portion of 
the last volution. They are narrow, high, 
and symmetrical. 

Remarks.—This_ species resembles 
rather closely Triticites submucronata, n. 
sp., but it has a larger tunnel angle, more 
slowly expanding shell, less numerous 
septa, and a smaller shell for correspond- 
ing volutions. In general shape T. milleri 
resembles 7. cullomensis Dunbar and 
Condra rather closely, but it is smaller, 
has a smaller proloculum, and has much 
better developed chomata than the 
latter. The variety T. cullomensis pyg- 
maeus Dunbar and Condra has been il- 
lustrated only by external views and its 
internal structures are not well known, 
but the size and shape of the shell cor- 
respond very closely to those of T. 
millert, and the two forms may possibly 
be conspecific. 

Horizon and locality—The syntypes 
came from a light-gray, very dense lime- 
stone on the west bluff of North Platte 
River, near the north end of the canyon, 
about 350 feet above the level of the 
river, in sec. 8, T. 30 N., R. 68 W., about 
8 miles southeast of Orin Junction, 
Wyoming. 

I am naming this species in honor of 
Dr. A. K. Miller in appreciation of his 
continued interest and advice through- 
out my studies of Pennsylvanian fusu- 
linids. 
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OSTRACODA FROM THE CHOUTEAU FORMATION OF MISSOURI 


PHILIP S. MOREY 
University of Missouri, Columbia, Missouri 


ABSTRACT 


The ostracode fauna of the lower Chouteau limestone of Missouri is described. Sixteen 
species representing nine genera are recorded. Graphiodactylus granopunctata and G. cornuta, 
present in the Chouteau, also have been recorded from the Ridgetop shale of Tennessee. Para- 
parchites nicklesi, Bairdia gibbera, B. subparallela, and B. magnacurta, present in the Chouteau, 
have been recorded from the basal Mississippian sandstone underlying the Chouteau. 


The Chouteau formation was 
named from exposures at Chouteau 
Springs in Cooper County, Missouri. 
There is exposed 20 feet of blue-gray 
limestone overlain by 30 feet of dolo- 
mitic limestone. The dolomitic lime- 
stone forming the upper part of the 
Chouteau is now considered to be a 
separate formation, and has been 
given the name Sedalia. Detailed 
paleontologic evidence has not been 
published to show the correctness of 
the division, and E. B. Branson, who 
has made an extensive study of the 
megafossils of the series, finds no fos- 
sil evidence for a division. His report 
on the paleontology and stratigraphy 
of the Missouri Kinderhook is now 
in press. 

The outcrops of the Chouteau for- 
mation extend across the state of 
Missouri from northeast to south- 
west, curving around the central area 
of the Ozark uplift. In northeastern 
Missouri the formation is discontinu- 
ous and varies greatly in thickness 
where present. In central Missouri it 
outcrops more or less continuously 
and the thickness is less variable. 
The best exposures in central Mis- 
souri have been measured by Moore 


(1) and others, and detailed sections 
can be found in his report. The Chou- 
teau can be traced southwest into 
Hickory County. In the southwest- 
ern part of the state beds similar to 
the lower Chouteau in lithology and 
fossil content have been called Comp- 
ton. Beds apparently corresponding 
to the upper Chouteau have been 
called Pierson. The Compton and 
Pierson are separated by a sandstone 
member, the Northview. All three 
units contain the same general fauna. 

In northeastern Missouri the Chou- 
teau has a thickness of from a few 
inches to 55 feet. In central Missouri 
it has a thickness of from 20 to 60 
feet. The Compton varies from 12 
to 22 feet in thickness and is appar- 
ently fairly continuous over the limit- 
ed area of its occurrence. The 
Northview is from 30 to 50 feet in 
thickness, and the Pierson from a few 
inches to 25 feet in thickness. 

The Chouteau (Sedalia) limestone 
in northeastern and central Missouri 
is overlain by the Burlington lime- 
stone. The Chouteau in central Mis- 
souri is underlain by a Mississippian 
sandstone of Bushberg age. The Pier- 
son is overlain by the Burlington 
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limestone and the Compton is under- 
lain by an Ordovician limestone. 

The Chouteau is a compact, blue- 
gray, generally thick-bedded lime- 
stone. It is fairly resistant to 
weathering and usually forms steep 
bluffs and cliff faces where streams 
cut through it. On exposure to 
weathering the fresh rock becomes 
covered by a grayish coating. The 
Chouteau is abundantly fossiliferous, 
particularly so in the lower beds, and 
its age has been definitely estab- 
lished by use of the megafossils. Shale 
seams are present in the lower part, 
and from these the samples contain- 
ing the ostracodes here described 
were taken. 

The collecting localities are as fol- 
lows: near Brown's Station, 3 miles 
northwest of the town at the junction 
of Lost and Clear Fork creeks; Prov- 


idence, 200 to 500 yards south of the 
station along the M. K. and T. R. R. 


SYSTEMATIC 


Family LEPERIDITELLIDAE 
Ulrich and Bassler, 1906 


Genus PARAPARCHITES Ulrich and 
Bassler, 1906 


PARAPARCHITES NICKLESI (Ulrich), 1891 


Plate 17, figure 26 


Leperditia nicklesi ULricu, 1891, Cincinnati 
Soc. Nat. Hist., Jour., vol. 13, p. 200, pl. 
18, figs. 1 a-c. 

Paraparchites nicklesi Girty, 1911, U. S. 
Geol. Survey, Bull. 439, p. 105, pl. 9, figs. 
2-5.—Har Ton, 1929, Am. Jour. Sci., vol. 
18, p. 255, pl. 1, fig. 1—MoreEy, 1935, Jour. 
a vol. 9, no. 4, p. 317, pl. 28, 

g. 26. 


One specimen was found in a sample 
taken from a thin shale seam about 3 
feet above the base of the formation at 
Brown’s Station, Missouri. The speci- 
men is rather large for the species. The 
tubercle, present only on the left valve, 
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tracks; Ozark, north edge of the town. 
The ostracode fauna of the Chou- 
teau contains several established 
species. Of these Paraparchites nick- 
lesi is present throughout the Mis- 
sissippian and is of no value in close 
correlation. Two species figured by 
Ulrich and Bassler from the Ridgetop 
shale of Tennessee are recognized 
from the Chouteau. One of these 
species, Graphiodactylus cornutus, is 
abundant in the Chouteau near 
Brown’s Station and at Ozark, Mis- 
souri. The specimens from the _lo- 
cality near Brown’s Station are con- 
sistently smaller than those from 
Ozark. The other species, Graphio- 
dactylus granopunctatus, is present 
only at Ozark. Several Chouteau 
species are present in the underlying 
sandstone of Bushberg age in central 
Missouri. These species are Bairdia 
gibbera, B. subparallela, B. magna- 
curta, and Paraparchites nicklest. 


DESCRIPTIONS 


is small and set further from the anterior 
end of the hinge than it is in most in- 
dividuals of this species. 

Length, 1.78 mm.; height, 0.8 mm.; 
thickness, 0.63 mm. 

Hypotype, Univ. Missouri, 0.1009-1. 

Occurrence.—Lower part of the Chou- 
teau formation near Brown’s Station 
Missouri. Also recorded from the basal 
Mississippian sandstone underlying the 
Chouteau, and in the Batesville, Moore- 
field, Fayetteville, Warsaw and Glen 
Dean formations. 


Family KIRKBYIDAE Ulrich 
and Bassler, 1916 
Genus AMPHISSITES Girty, 1910 
AMPHISSITES SIMILARIS Morey, n. sp.! 
Plate 17, figure 6 
1 See note on p. 122. 
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Carapace compressed laterally; hinge Length, 1.45 mm.; height, 0.5 mm. 
structure, overlap, and lateral outline Holotype, Univ. Missouri, 0.1009—4, 
typical of genus; maximum height at Occurrence.—Basal Chouteau lime- 


mid-length; anterior dorsal angle obtuse, — stone, Brown's Station and Providence, 
posterior dorsal angle more nearly aright Boone County; Chouteau limestone, 
angle; central node large, approximately Ozark, Greene County, Missouri. Several 
circular, with elliptical kirkbyan pit below — specimens were found at each locality. 
it; carina at position: of anterior node Roth, 1929 
sharp, distinct and slightly curved, ex- 
tending to within three or four rows of Gaarmopactvius minutus Morey, n. ap. 
pits of inner ventral carina; posterior Plate 17, figure 4 

node poorly defined with indistinct Carapace small, outline in lateral view 
carina; strong inner ventral carina most  subovate; dorsal margin gently convex; 
prominent below mid-height of valves cardinal angles of right valve low and 
on the anterior half; a row of large pits rounded but more prominent than those 
is present on both upper and lower sides of left valve; sides of carapace fairly 
of inner ventral carina causing it to be evenly convex, reaching maximum con- 
broken up and giving it an irregular and vexity in front of mid-length; valves 
bead-like appearance; another row of pits — slightly inflated on portions parallel to 
is present on the underside of sub- hinge, inflated portions merging evenly 
marginal carina; inner ventral and sub- with general convexity of valves; anterior 
marginal carinae separated from each extremity just above mid-height, poste- 
other by four rows of pits; outer rows of rior extremity at or just below mid- 
these four are large and almost square; height; maximum height just behind 
broad border of free edges smooth and mid-length; carapace slightly wedge- 
concave; surface of carapace coarsely shaped in dorsal outline; ventral margin 
reticulate. about same convexity as dorsal but 


EXPLANATION OF PLATE 17 


Fics. 1—Kirkbyella ozarkensis Morey, n. sp. Right valve view of holotype, X 20. (p. 118) 
2, 3—Healdia decora Morey, n. sp. 2, Right valve view of holotype; 3, dorsal view of 


holotype, X 20. (p. 121) 
4—Graphiodactylus minutus Morey, n. sp. Left valve view of holotype, X20.  (p. 116) 
5—Kirkbyella ? dubia Morey, n. sp. Right valve view of holotype, X 20. (p. 118) 
6—Amphissites similaris Morey, n. sp. Left valve view of holotype, X 20. (p. 115) 
7—Bairdia subparallela Morey. Right valve view of hypotype, X11. (p. 119) 
8, 10—Bairdia gibbera Morey. 8, Right valve view of hypotype; /4, dorsal view of hypo- 

type, X20. (p. 119) 
9, 11—Acratia similaris Morey, n. sp. 9, Right valve view of holotype; //, dorsal view of 

holotype, X 20. (p. 120) 


12, 14—Silenites warei Morey, n. sp. 12, Dorsal view of holotype; /4, right valve view of 
holotype, X11. (p. 121) 
13, 15—Bairdia kinderhookensis Morey, n. sp. 13, Dorsal view of holotype; 15, right valve 
view of holotype, X11. (p. 120) 
16, 18—Bairdia magnacurta Morey. 16, Dorsal view of hypotype; 18, right valve view of 
hypotype, X20. (p. 118) 
17, 19—Bairdia sinuosa Morey, n. sp. 17, Dorsal view of holotype; /9, right valve view of 
holotype, X 20. (p. 119) 
20, 21, 24, 27—Graphiodactylus granopunctatus (Ulrich and Bassler). 20, Internal view of 
a left valve; 2/, internal view of a right valve; 24, right valve view of a single valve, 
27, left valve view of single valve, X 20. (p. 117) 
22—Graphiodactylus cornutus (Ulrich and Bassler). Left valve view of a complete speci- 


men, X20. (p. 117) 
23, 25—Silenites marginiferus (Geis). 23, Dorsal view of hypotype; 25, right valve view 
of hypotype, X20. (p. 121) 
26—Paraparchites nicklesi (Ulrich). Left valve view of hypotype, X 20. (p. 115) 
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slightly inclined toward posterior; ven- 
tral portion of carapace not inflated but 
rather evenly convex to edge; posterior 
end broadly and almost equally rounded, 
the dorso-posterior margin being but 
slightly longer than the ventro-posterior 
margin; slight smooth carina present on 
posterior margin of each valve; small 
tubercle present on antero-ventral sur- 
face of each valve; surface of carapace 
very finely reticulate. 

Length, 0.62 mm.; height, 0.4 mm.; 
thickness. 0.3 mm. 

Holotype, Univ. Missouri, 0.1009-3. 

Occurrence.—A single specimen was 
found in the basal portion of the Chou- 
teau limestone at the Brown’s Station 
locality. 


GRAPHIODACTYLUS GRANOPUNCTATUS 
(Ulrich and Bassler) 


Plate 17, figures 20, 21, 24, 27 
Paracythere granopunctata ULRICH and Bass- 

LER, 1932, Tennessee Div. Geology, Bull. 

38, pl. 27, fig. 4. 

Carapace of medium size, laterally 
compressed, valves thick; outline in 
lateral view subrhomboidal; dorsal mar- 
gin of right valve gently covex except 
at posterior dorsal angle, which is slight- 
ly higher than the adjacent portion of 
dorsal margin; dorsal margin of left 
valve fairly strongly convex, ends low 
and rounded; ventral margins of both 
valves straight or slightly concave and 
inclined toward posterior; anterior ex- 
tremity of carapace above mid-line, 
posterior extremity below mid-line; hinge 
straight, formed by slight tooth and 
socket-type of hinge structure, teeth on 
smaller left valve and sockets on larger 
right; in many specimens the sockets are 
connected by a groove; maximum thick- 
ness in front of mid-length; maximum 
height in posterior half; margin of valves 
thick, forming a wide, concave inward- 
facing border; border is widest on the 
ventro-posterior margin; along the hinge 
the border is slightly convex and _nar- 
rower than elsewhere; small spine present 
on antero-ventral surface below mid-line; 
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surface of carapace granular and rather 
irregularly punctate. 
Length, 1.22 mm.; height, 0.62 mm. 
Hypotypes, Univ. Missouri, 0.1009-S. 
Occurrence.—Fairly abundant in the 
Chouteau limestone at Ozark, Greene 
County, Missouri, and also present in the 
Ridgetop shale of Tennessee. 


GRAPHIODACTYLUS CORNUTUS 
(Ulrich and Bassler) 


Plate 17, figure 22 
Paracythere cornuta ULRicH and BASSLER, 

1932, Tennessee Div. Geology, Bull. 38, pl. 

27, fig. 13. 

Carapace of medium size, compressed 
laterally; outline in lateral view subrhom- 
boidal; dorsal margin of carapace very 
gently convex; ventral margin of cara- 
pace slightly concave centrally; dorsal 
margin of single right valve gently con- 
vex in central portion and high and 
rounded at ends; dorsal margin of single 
left valve fairly strongly convex; ends of 
carapace broadly and obliquely rounded; 
anterior extremity above mid-height of 
carapace, posterior extremity below mid- 
height; hinge straight, hinge structure 
typical of this genus; outline of carapace 
wedge-shaped in dorsal view; maximum 
thickness in front of mid-length; outer 
free edge of right valve overlaps inner 
free edge of left so that in a complete 
carapace the free edges seem to meet 
equally; edges of valves very thick form- 
ing wide, inward-facing, concave border, 
which is widest on the ventro-posterior 
margin, the wide portion terminates at 
mid-height of the valve in an upward 
projecting spine; strong spine present at 
antero-ventral corner of each valve; 
surface of carapace strongly marked by 
more or less regular and continuous 
subconcentric ridges and furrows. 

Length, 1.03 mm.; height, 0.57 mm. 

Hypotypes, Univ. Missouri, 0.1010-1. 

Occurrence.—Fairly abundant in the 
Chouteau limestone at Ozark, Greene 
County, and in the lower Chouteau near 
Brown’s Station, Boone County, Mis- 
souri. 
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Genus KIRKBYELLA Coryell 
and Booth, 1933 


KIRKBYELLA OZARKENSIS Morey, n. sp. 
Plate 17, figure 1 


Carapace subquadrate in lateral out- 
line; dorsal margin straight in posterior 
half, gently convex in anterior half; 
ventral margin very gently convex; pos- 
terior margin rounded, limbs of about 
equal length; posterior dorsal angle 
obtuse, anterior dorsal angle approxi- 
mately a right angle; hinge line straight, 
hinge structure typical of genus; maxi- 
mum height in posterior half; valves 
subequal, right valve slightly over- 
lapping free edges of left; sulcus broad 
and shallow, located just behind middle 
on dorsal half of valve; ridge begins at 
posterior end, becomes stronger and bet- 
ter defined toward anterior, reaches 
maximum strength and _ terminates 
abruptly near anterior margin; surface 
of valves extends posteriorly beyond the 
posterior contact of the valves; between 
ridge and ventral border is a single row 
of seven large square reticulation pits; 
border wide, concave on ventral edge, 
narrowest at ends; surface of valves, in- 
cluding ridge, coarsely reticulate. 

Length, 0.8 mm.; height, 0.43 mm. 

Holotype, Univ. Missouri, 0.1010-3. 

Occurrence-—Abundant in the Chou- 
teau limestone at Ozark, Greene County, 
and in the lower Chouteau near Brown's 
Station, Boone County, Missouri. 


KIRKBYELLA? DUBIA Morey, n. sp. 
Plate 17, figure 5 


Carapace small, outline in lateral view 
subrectangular; dorsal margin straight; 
hinge straight, valves apparently meet- 
ing equally; overlap just under postero- 
dorsal angle slightly stronger than else- 
where on free edges and forms a slight 
hinge structure; posterior end broadly 
rounded; ventral margin broadly convex; 
maximum height behind mid-length; 
maximum thickness below center of 
carapace; left valve overlaps right on 
free edges; deep sulcus, just behind mid- 
length, runs from dorsal margin to mid- 
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height, where it meets a subcentral de- 
pression elongate parallel to length of 
carapace; strong node present on anterior 
third just under dorsal margin; node 
present behind sulcus and about one- 
third of height of carapace from dorsal 
margin, a ridge curves backward and 
downward from this node; below sub- 
central depression a ridge-like swelling 
runs anteriorly, ending about one-third 
length of carapace from anterior end; 
surface covered by coarse, polygonal re- 
ticulation pits which are worn off on the 
more prominent portions of the carapace. 
This is evidently an old individual. 
Length, 0.72 mm.; height, 0.44 mm.; 
thickness, 0.35 mm. 
Holotype, Univ. Missouri, 0.1009-2. 
Occurrence.—Basal Chouteau near 
Brown’s Station, Missouri. Only one 
specimen was found. 


Family BArRDIIDAE Brady and 
Norman, 1892 


Genus BarirDIA McCoy, 1844 


BAIRDIA MAGNACURTA Morey 


Plate 17, figures 16, 18 

Bairdia magnacurta Morey, 1935, Jour. Pale- 

ontology, vol. 9, no. 4, p. 323, pl. 28, fig. 22. 

Capapace short, thick, tumid, with a 
broadly arched dorsal margin; posterior 
slope of dorsal margin long and slightly 
concave; anterior slope shorter than 
posterior and gently convex; ventral 
margin broadly convex; hinge less than 
one-half length of carapace and inclined 
slightly backward; hinge line slightly 
impressed; periphery of left valve well 
outside that of right except on an- 
tero-ventral margin; actual overlap 
slight except in central portion of ventral 
margin, where it is strong; no overlap 
apparent on antero-ventral margin; sides 
of carapace strongly tumid behind mid- 
length at and below mid-height; maxi- 
mum height just in front of mid-length; 
maximum thickness just behind mid- 
length; surface of carapace smooth. 

Length, 1.1. mm.; height, 0.7 mm.; 
thickness, 0.55 mm. 
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Remarks.—Bairdia compacta Geis as 
figured appears to be similar to this 
species. However, specimens from the 
Salem at Spergen Hill identified as B. 
compacta show that the Salem species is 
tumid above the mid-line, has a straight 
ventral margin, and is relatively smaller 
in the posterior half of the carapace than 
is true in B. magnacurta. 

Hypotypes, Univ. Missouri, 0.1012-4. 

Occurrence-—Abundant in the lower 
part of the Chouteau limestone at 
Brown’s Station and Providence, Boone 
County, Missouri. 


BAIRDIA SINUOSA Morey, n. sp. 
Plate 17, figures 17, 19 


Carapace of medium size, generally 
tumid, laterally compressed in antero- 
dorsal portionand tumid in postero-dorsal 
part; dorsal margin convex, highest por- 
tion of carapace in anterior half: hinge 
equal to about one-half length of cara- 
pace, inclined toward posterior; anterior 
end large, blunt in lateral outline, and 
broadly rounded; anterior extremity just 
above mid-height; posterior end short, 
acute, extremity well below mid-height; 
ventral margin concave in central por- 
tion; maximum thickness approximately 
central; overlap of left valve on right 
fairly strong except along hinge; periph- 
ery of left valve well outside that of 
right on middle and anterior portions of 
dorsal margin, but approximately equal 
on posterior portion; surface of valves 
smooth. 

Length, 1.00 mm.; height, 0.6 mm.; 
thickness, 0.5 mm. 

Remarks.—This species is readily dis- 
tinguished from B. magnacurta by the 
concave ventral margin and by the 
strongly inflated postero-dorsal portion. 

Holotype, Univ. Missouri, 0.1015—5. 

Occurrence.—Rare in the basal Chou- 
teau limestone near Brown’s Station, 
Missouri. 


BAIRDIA SUBPARALLELA Morey 


Plate 17, figure 7 


Bairdia subparallela Morey, 1935, Jour. Pale- 
ontology, vol. 9, no. 4, p. 323, pl. 28, fig. 24. 


Carapace above medium size, with 
low, broadly convex dorsal margin; an- 
terior slope essentially straight, posterior 
slope longer than anterior and slightly 
concave, inclined at a steep angle; slight 
concavity present in ventral margin just 
in front of mid-length; this concavity 
marks a fairly strong overlap of the left 
valve on the right; central portion of 
ventral contact long and straight and 
parallel to hinge; hinge slightly im- 
pressed, equal to about three-sevenths 
total length of carapace, and inclined 
slightly toward the posterior end; near 
the dorsal margin, just under the pos- 
terior end of the hinge, the valves are 
quite tumid, much more so than else- 
where near the margins; this tumidity 
extends downward diagonally across the 
carapace, ending rather sharply in the 
anterior half; dorso-anterior portion of 
carapace somewhat compressed; anterior 
end laterally compressed and long; pos- 
terior end short, compressed laterally, 
and sharp; sides of carapace strongly con- 
vex; maximum height and thickness just 
in front of mid-length; overlap of left 
valve on right fairly strong on anterior 
and posterior slopes of the dorsal margin 
and in the concavity of ventral margin; 
overlap weak over ventral margin other 
than in ventral concavity; surface of 
carapace smooth. 

Length, 1.43 mm.; height, 0.8 mm.; 
thickness, 0.5 mm. 

Hypotypes, Univ. Missouri, 0.1012-5. 

Occurrence.—The holotype is from the 
basal Mississippian sandstone underlying 
the Chouteau limestone; five distorted 
specimens, including the one figured here, 
were found in the Chouteau limestone 
near Brown’s Station, Boone County, 
Missouri. 


BAIRDIA GIBBERA Morey 
Plate 17, figures 8, 10 
Bairdia gibbera Morey, 1935, Jour. Paleontol- 
ology, vol. 9, no. 4, p. 323, pl. 28, fig. 12. 
Carapace of medium size with a highly 
arched dorsal margin; posterior slope of 
dorsal margin deeply concave; anterior 
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slope longer than posterior and very 
slightly concave; ventral margin broadly 
and rather evenly convex; small posterior 
end attenuate, rather sharply set off by 
a pronounced concavity in posterior 
dorsal slope; long anterior end laterally 
compressed and rather narrow in com- 
parison to strongly tumid part of cara- 
pace behind it; hinge short, about one- 
third total length of carapace, slightly 
impressed and inclined slightly toward 
posterior; upper surfaces of valves equal 
in height along hinge, so that periphery 
of left valve is not outside that of right 
along that portion; on anterior and pos- 
terior slopes of dorsal edge, left valve 
overlaps right fairly strongly; overlap on 
ventral edge very slight, edges of valves 
meeting almost equally; maximum height 
in front of mid-length; maximum thick- 
ness approximately through center; sur- 
face of carapace smooth. 

The figured specimen from the Chou- 
teau differs from the holotype (from an 
underlying sandstone) in having a less 
narrow anterior end, a more attenuate 
posterior end, and in being less tumid in 
the region adjacent to the hinge. 

Length, 0.95 mm.; height, 0.5 mm.; 
thickness, 0.41 mm. 

Hypotypes, Univ. Missouri, 0.1015-3. 

Occurrence. — Chouteau limestone, 
Brown’s Station, Missouri. 


BAIRDIA KINDERHOOKENSIS 
Morey, n. sp. 


Plate 17, figures 13, 15 


Valves thick; carapace large with well 
arched dorsal margin; posterior slope 
of dorsal margin long, concave in lower 
part, and slightly convex in upper; an- 
terior slope shorter than posterior and 
indented about one-third of its length 
from anterior extremity; ventral margin 
broadly and evenly curved to about one- 
third of length from anterior end where 
it bends upward abruptly; this point of 
sharp upturning is about the same dis- 
tance from the anterior end as the in- 
dentation in the anterior dorsal slope, 
and the two features set off the anterior 
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end from the evenly curved margins of 
the carapace; anterior end further set 
off by being strongly compressed later- 
ally while the central portion of the cara- 
pace is strongly tumid; posterior end 
fairly long and produced to a point; 
hinge horizontal, slightly impressed, 
short, slightly more than a third the 
total length of the carapace; edge of left 
valve along hinge very thick; left valve 
overlaps right strongly on dorsal mar- 
gin, except along hinge, where there is no 
overlap; overlap also strong on central 
portion of ventral margin and slight 
between that portion and the ends; 
maximum height at mid-length; maxi- 
mum thickness at center; surface of 
carapace smooth. 

Length, 1.91 mm; height, 1.1 mm.; 
thickness 0.7 mm. 

Holotype, Univ. Missouri, 0.1012-3. 

Occurrence.—Abundant in the Chou- 
teau limestone near Brown's Station and 
at Providence and Ozark, Missouri. 


Genus AcraTIA Delo, 1930 


ACRATIA SIMILARIS Morey, n. sp. 
Plate 17, figures 9, 11 


Carapace about medium size, com- 
pressed dorso-ventrally; dorsal margin 
broadly convex; anterior and posterior 
slopes of dorsal margin fairly strongly 
convex; anterior end short and narrowly 
rounded; posterior end short and rather 
acuminate; ventral margin gently con- 
vex, with broad central concave portion; 
maximum length essentially along ven- 
tral margin; hinge, equal to a little less 
than one-half total length of carapace, 
inclined very slightly toward anterior; 
sides of carapace strongly convex, giving 
carapace in dorsal view a broadly sub- 
ovate outline; ventral surface of carapace 
wide and flattened; left valve overlaps 
right except along hinge; maximum 
height at mid-length; maximum thick- 
ness in posterior half; surface of carapace 
smooth. 

Length, 1.0 mm.; height, 0.4 mm.; 
thickness, 0.64 mm. 
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This species differs from Acratia deloi 
Geis in having the position of greatest 
thickness behind the mid-length. 

Holotype, Univ. Missouri, 0.1010-5. 

Occurrence.—Chouteau limestone at 
Providence and near Brown’s Station, 
Boone County, Missouri. 


Genus SILENITES Coryell and 
Booth, 1933 


SILENITES MARGINIFERUS (Geis) 


Plate 17, figures 23, 25 
Bythocypris marginifera Gets, 1932, Jour. 

Paleontology, vol. 6, no. 2, p. 179, pl. 26, 

figs. 2 a, b. 

Carapace above medium size, dorsal 
margin well arched; anterior and pos- 
terior slopes of dorsal margin subequal in 
length, posterior slightly longer and 
more convex; ventral margin strongly 
concave near mid-length of carapace; 
both anterior and posterior ends broadly 
rounded; hinge very slightly impressed, 
equal to a little less than one-half total 
length of carapace, inclined toward 
posterior, anterior end of hinge slightly in 
front of mid-length; sides of carapace 
fairly strongly but evenly convex; left 
valve overlaps right slightly on all edges; 
periphery of left valve well outside edge 
of right; maximum height just in front 
of mid-length; maximum __ thickness 
through center; surface of carapace 
smooth. 

The specimen here described is not a 
mature one. The rather sharp apex of the 
dorsal margin seems to be peculiar to 
this specimen; no such condition was 
observed in other specimens at any stage 
in development. In general, the Chouteau 
specimens seem to be shorter in propor- 
tion to the length of the anterior end 
than is true of the Salem species. The 
figured specimen is the only one of about 
25 specimens that was not distorted, and 
it is figured for this reason. 

Length, 1.26 mm.; height, 0.77 mm.; 
thickness, 0.53 mm. 

Hypotypes, Univ. Missouri. 0.1015-2. 

Occurrence.—Basal Chouteau lime- 
stone, near Brown's Station, Missouri; 


a few specimens were found at Provi- 
dence, Missouri. 


SILENITES WAREI Morey, n. sp. 
Plate 17, figures 12, 14 


Carapace large; outline in lateral view 
subtriangular; dorsal margin well arched; 
anterior slope of dorsal margin straight 
and slightly longer than the posterior 
slope; posterior slope slightly convex; 
ventral margin essentially straight; long 
anterior end set off by straightness of 
dorsal slope and ventral margin; pos- 
terior end shorter than anterior, ex- 
tremity well below mid-height; hinge 
short, equal to about one-third total 
length of carapace, inclined at a low 
angle toward posterior; left valve over- 
laps right slightly on all edges except 
along hinge; strongest overlaps on an- 
terior and posterior slopes of dorsal 
margin and on center of ventral edge; 
maximum height and thickness at mid- 
length; sides of carapace of medium con- 
vexity; surface of carapace smooth. 

This large species is distinguished from 
S. marginiferus by its long anterior end 
and its straight ventral margin. These 
characteristics are constant through all 
growth stages. The figured specimen 
is slightly broken at the posterior end 
and at the extreme dorsal portion. 

Length, 1.7 mm.; height, 0.96 mm.; 
thickness, 0.77 mm. 

Holotype, Univ. Missouri, 0.1015-1. 

Occurrence.—Lower part of the Chou- 
teau limestone near Brown's Station, 
Missouri. 


Genus HEALDIA Roundy, 1926 
HEALDIA DECORA Morey, n. sp. 
Plate 17, figures 2, 3 

Carapace narrow and elongate, with 
nearly parallel dorsal and ventral mar- 
gins; dorsal margin gently arched, an- 
terior and posterior slopes gently convex, 
the posterior longer than the anterior 
and appearing truncate in lateral view; 
ventral margin broadly and gently con- 
vex; outline of posterior end blunt and 
angular in both lateral and dorsal views; 
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outline of carapace wedge-shaped in 
dorsal view, sides of posterior two-thirds 
almost parallel, sides of anterior curving 
evenly to anterior end; anterior end in 
lateral view broadly rounded; left valve 
overlaps right slightly on ventral and 
dorsal edges, except on posterior dorsal 
edge; valves appear to meet equally at 
ends, but single valves show a “‘lip and 
lip’’ type of marginal relation, with the 
outer “lip’’ on left valve; ridge begins 
at dorsal margin behind mid-length and 
runs backward and downward to ventral 
margin, where it bends slightly toward 
front; ridge divides posterior from lateral 
surface and forms posterior margin of 
valve in lateral outline; spine present on 
ridge near ventral margin; surface of 
carapace smooth. 
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Length, 0.83 mm.; height, 0.46 mm.; 
thickness, 0.37 mm. 

Syntypes, Univ. Missouri, 0.1015-5, 

Occurrence.—Fairly abundant in the 
lower part of the Chouteau limestone 
near Brown’s Station, Missouri. 
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Note.—The ornamentation of Amphissites 
similaris, as described in this paper, and of 
A. centronotoides Geis is similar to that of the 
common Pennsylvanian species A. centrono- 
tus. Mr. Geis and I agree that until better 
material on which study of the relationships 
of these forms can he based, A. similaris and 
A. centronotoides should be considered as sub- 
species of A. centronotus. 
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SOME FUSULINID PROBLEMS 


M. P. WHITE 
Ardmore, Oklahoma 


ABSTRACT 


The finding of microspheric individuals of a number of species belonging to different genera 
of fusulinids has resulted in some confusion, particularly with reference to Schubertella. In the 
hope of clarifying these difficulties, the microspheric forms of various observed types are con- 
trasted with Schubertella. Examples of cytogamy, which is another potential source of confu- 


sion, are also described. 


At the sixth annual meeting of the 
Society of Economic Paleontologists 
and Mineralogists in March, 1932, I 
gave a short talk entitled Fusulinid 
sports. The abstract of this paper 
was as follows. 


From approximately 2,500 thin-sections, a 
very limited number were noted, illustrating 
three types of sports in both the more primi- 
tive groups characterized by Fusulina and 
that by Triticites. The first type possesses a 
double proloculum; the second, ten or more 
planispiral, spherical chambers following the 
spherical proloculum; the third, a form which, 
in its early stages, possesses two distinct indi- 
viduals, developing more or less independ- 
ently for two or more whorls, only to lose 
their individuality by whorls common to both 
in later volutions. 


In presenting this subject, mention 
was made of existence of the multi- 
locular, planispiral, spherical cham- 
bered portion as a complete unit 
within the chamber cavity of the 
late whorls of some specimens of fu- 
sulinids, and not as the primordial 
stage as portrayed in the illustrations 
given. Neither the importance nor 
the proper significance of these forms 
was realized at the time they were 
presented. They were discussed in 
order to prevent their appearing as 


new species or genera and to avoid 
confusion in understanding of the 
development of the fusulinids as a 
whole by improperly relating them 
to Schubertella. For this latter pur- 
pose, a true Schubertella was _illus- 
trated for comparison. 

In an unpublished monograph on 
The Fusulinidae of the Ardmore Ba- 
sin, completed in April, 1934, these 
forms were taken up again and dis- 
cussed, and what seems to be their 
proper significance was indicated. 
The fact that microspheric forms 
in the lower group have been found 
by M. L. Thompson and described 
as a new species, possibly of a 
new genus, Fusulina? problematica 
Thompson (Univ. Iowa Studies, vol. 
16, No. 4, Oct., 1934), and that mic- 
rospheric forms have been discovered 
also among the higher groups and 
described before the Paleontological 
Society (Rochester meeting, Decem- 
ber, 1934, C. O. Dunbar, J. W. Skin- 
ner and R. E. King, Dimorphism in 
Permian fusulines), in such a fashion 
as to question the existence of Schu- 
bertella and the scheme of evolution 
as adopted by me and others, makes 
it advisable to present the matter at 
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this time without awaiting publica- 
tion of my paper. 

My views regarding evolution of 
the fusulinids as expressed in Some 
Texas Fusulinidae (Univ. Texas, 
Bull. 3211, March 15, 1932), have 
not changed in any essential particu- 
lar. The establishment of any scheme 
of classification based upon evolution 
is obviously a very difficult task, due 
in great part to the fact that proper 
understanding must be based on 
vital features, which, nevertheless, 
are not as easily recognizable as some 
feel they should be to warrant their 
being called vital. For example, I 
think all will grant that arenaceous 
and fibrous, hyaline and porcellane- 
ous shells, cannot be grouped even 
under the same family, and yet 
workers on the Fusulinidae do not 
always agree on the fundamental 
nature of the wall. In view of this 
fact, I do not feel warranted in going 
into the more important question of 
further proof of the classification put 
forward by me until such time as I 
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am permitted to present the full 
evidence. 

The unusual forms presented here 
have been observed in both the low- 
est group typified by the genus 
Fusulina and the higher group typi- 
fied by the genus 7 riticites. Thomp- 
son has found the microspheric form 
in Fusulina. One specimen of the 
microspheric form of Schwagerina 
has been found by me and specimens 
of Parafusulina and possibly Poly- 
diexodina by Dunbar, Skinner and 
King. It is to be expected that the 
microspheric form will be found in 
all species. Since my studies have 
been practically confined to the 
Lower Pennsylvanian forms, they 
only are used for illustration. 

Shells belonging to the genus 
Fusulina, but possessing two _ pro- 
locula, are shown on Plate 19, figs. 
8, 9, and Plate 20, fig. 3. Each of 
these develops its own independent 
set of chambers for a few whorls and 
then builds a set of chambers com- 
mon to both in the later whorls. This, 


EXPLANATION OF PLATE 18 
Fics. 1—Camera-lucida penci! sketch of a Staffella, X140, drawn at 220 diameters. Same 


specimen as Plate 19, fig. /a. 


2—Camera-lucida pencil sketch of the primordial stage of a primitive Schubertella, X 140, 
drawn at 220 diameters. Same specimen as Plate 19, fig. 2. 

3—Camera-lucida pencil sketch of the primordial stage of a less primitive Schubertella 
from a higher stratigraphic horizon, X 140, drawn at 220 diameters. Same specimen 


as Plate 19, fig. 3. 


4, 5—Camera-lucida pencil sketches of the primordial stage of a specimen of Fusulina 
primaeva (Skinner). 4, Sketch 140, drawn at 220 diameters. Same specimen as 
Plate 19, fig. 4, though from opposite side of slide. 5, Camera-lucida pencil sketch of 


same specimen, X30. 


6—Camera-lucida pencil sketch of the primordial stage of the microspheric form of a 
species of Fusulina, X 140, drawn at 220 diameters. Same specimen as Plate 19, fig. 5. 

7, 8—Camera-lucida pencil sketches of the primordial stages of specimens of the genus 
Triticites, X140, drawn at 220 diameters. Same specimens as Plate 19, figs. 6, 7. 

9—Camera-lucida pencil sketch of a specimen of Triticites showing cytogamy, X30. 


Same as Plate 20, fig. /. 


10—Camera-lucida pencil sketch of the primordial stage of a specimen of the genus 
Triticites showing rudimentary cytogamy, X65. Same specimen as Plate 20, fig. 2. 
Note: Figures /-4 and 6-8 are same magnification. 
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I believe, is an example of cytogamy 
or plastogamy, the union of the pro- 
toplasm without nuclear union or 
identical twins produced from the 
same egg, the existence of which has 
long been questioned in foraminifera. 
Similar forms belonging to the genus 
Triticites are illustrated on Plate 18, 
fig. 9, and Plate 20, figs. 1, 5. 

Specimens of 7 7iticites, possessing 
a‘double proloculum are shown on 
Plate 18, fig. 10, and Plate 20, figs. 2 
and 4. These are probably examples 
of cytogamy of a more rudimentary 
form. 

The microspheric form of a species 
of Fusulina is illustrated on Plate 18, 
fig. 6, and Plate 19, fig. 5. The mi- 
crospheric form of a species of T7ri- 
ticites is shown on Plate 18, figs. 7, 8, 
and Plate 19, figs. 6, 7. The principal 
distinguishing characteristic of these 
microspheric forms lies in the pos- 
session of a primordial stage, rep- 
resented by ten or more planispirally 
coiled spherical chambers before the 
development of the usual form of 
chamber. 

The discovery by Dunbar of mi- 
crospheric forms placed by him in 
the genus Parafusulina, caused him 
to suggest that the discovery of mi- 
crospheric forms, coupled with the 
failure to recognize them as such, had 
led to acceptance of the validity of 
the genus Schubertella. The proper 
interpretation of the question has a 
vital bearing on the understanding of 
the Fusulinidae as a whole, which 
fully warrants any clarification that 
can be made. 

In order more successfully to con- 
trast the genus Schubertella with the 


microspheric form of any of the 
fusulinid genera, and to relate all 
properly, it is best to start with a 
consideration of Staffella, the ances- 
tor of Schubertella. Owing to the long 
range of Staffella, a natural corollary 
to its primitive nature, and the re- 
sulting lack of value as a guide fossil, 
I have given it only such considera- 
tion as I felt was necessary to the 
proper understanding of the develop- 
ment of the Fusulinidae as a whole. 
A simple definition of the genus 
Staffella is that it is a fusulinid with 
a four-part wall that retains evidence 
of its development out of Endothyra, 
as shown by its endothyroid early 
stage. Also, in Staffella the test is still 
nautiloid or spheroid, with the axial 
diameter shorter at all stages. When 
the axial diameter becomes longer, 
the development has reached the 
stage where it automatically be- 
comes a Schubertella. 

Any worker who adopts a natural 
scheme of classification expects to 
find that more primitive forms out- 
range their more specialized offspring 
and to find the primitive forms less 
satisfactory as guide fossils in direct 
proportion to their simplicity. Per- 
sonal observation indicates that Staf- 
fella out-ranges Schubertella and that 
either out-ranges any other genus 
of fusulinids with the exception of 
Orobias, an even more primitive 
form. My work has dealt principally 
with the lower fusulinids, which pos- 
sibly accounts for the fact that all 
specimens of both Staffella and 
Schubertella observed by me have 
possessed the four-part wall. How- 
ever, it is not difficult to realize that 
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paralleling the development of Fusu- 
lina, these genera may progress to 
the stage in which one or the other, 
or both, depositional layers are lost. 
It is not considered impossible that 
development may also take place in 
such fashion that the endothyroid 
early portion is lost, either before or 
after loss of the depositional layers. 
But if loss of the endothyroid stage 
occurs before loss of the inner and 
outer depositional layers, the result- 
ing form would be indistinguishable 
from Fusulina. If Staff and Wede- 
kind’s type figures of Schubertella 
may be accepted, the one which is 
popularly interpreted micro- 
spheric, has already lost its inner 
depositional layer and the one which 
is interpreted as being megalospheric 
has, in addition, lost its endothyroid 
early stage. After the evidence in- 
cluded in this paper has been fully 
considered, I doubt if one would be 
willing to consider that this so-called 
microspheric form is in fact micro- 
spheric. The so-called megalospheric 
form would be indistinguishable 


from the transitional forms from 
Fusulina to Triticites. lf the next 
stage of development of Schubertella, 
beyond that credited to this megalo- 
spheric specimen of Schubertella by 
Staff and Wedekind, is reached, both 
outer and inner depositional layers, 
as well as the endothyroid stage, are 
lost, and a specimen showing these 
features would be assigned to 7'ri- 
ticites. The difficulty experienced by 
many in recognizing the subdivision 
of the wall, or in separating the dia- 
phanotheca from the tectum in the 
more primitive forms, further com- 
plicates the matter. Though it seems 
that in the loss of depositional layers, 
the outer layer generally is lost later 
than the inner one, this loss is so 
nearly simultaneous in both layers 
that I have concluded that erection 
of a new genus to include these forms 
which are transitional from Fusulina 
to Triticites is unwarranted, and that 
they had best be included under the 
former. Similar logic induces me to 
include the so-called microspheric 
form of Staff and Wedekind’s Schu- 


EXPLANATION OF PLATE 19 


Fics. la, b—Sections of a Staffella. Same specimen as Plate 18, fig. /. a, Longitudinal section, 
X40. 6, Median section of a specimen of the same species which may be taken as 
typical of a median section of any fusulinid, X41. 


—— section of a primitive Schubertella, X44. Same specimen as Plate 18, 
3—Longitudinal section of a less primitive Schubertella, X33. Same specimen as Plate 18, 


4—Longitudinal section of a specimen of Fusulina primaeva (Skinner), X29, same speci- 
men as Plate 18, figs. 4, 5. 

5—Longitudinal section of a microspheric specimen of Fusulina, X47. Same specimen as 
Plate 18, fig. 6. 

6—Longitudinal section of a microspheric specimen of Triticites, X36. Same specimen as 
Plate 18, fig. 7. 

7—Longitudinal section of a microspheric specimen of another species of Triticites, X24. 
Same specimen as Plate 18, fig. &. ; 

8&—Longitudinal section of a silicified specimen of Fusulina primaeva (Skinner), showing 
cytogamy, X31. Same specimen as Plate 20, fig. 3. ; 

9—Longitudinal section of a specimen of another species of Fusulina illustrating cy- 

wt togamy, X20. 
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bertella, and to exclude the so-called 
megalospheric form. Withal, I am 
doubtful of the three-part division of 
the wall of either. It would have 
been much more fortunate, to say the 
least, if the type of the genus had 
been based upon a form near the 
middle of its range, a form which 
would be more typical of a natural 
subdivision which is a genus. Whére 
it is possible, an effort should be 
made to do just this before a new 
genus is erected. 

Parallel difficulties may be ex- 
pected with regard to Staffella and 
this is indicated at least in part by 
the literature. Here again my ob- 
servations have included only speci- 
mens which fit the simplified de- 
scription of the genus just given. 
This may also be due to lack of famili- 
arity with the upper limits of the 
genus. Here, too, simple logic prompts 
skepticism regarding similar varia- 
tion recorded in the literature re- 
garding this genus. 

In following the discussion of the 
features which clearly indicate that 
the forms here called microspheric 
are truly microspheric (and by the 
same evidence in strong contrast to 
genera possessing the endothyroid 
early stage), the reader is asked to 
note also the relative stage of evolu- 
tion of these features in the form in 
which they are portrayed. Many 
points in support of the classification 
accepted by me as natural, both with 
regard to relationship of genera and 
to stratigraphic position, will result. 
As a suggestion of what is meant, it 
will be noted that the endothyroid 
stage is more pronounced in Staffella 
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than in Schubertella, and in the lower 
forms of Schubertella than in the 
higher forms. A very rapid and sim- 
ple method of recognizing this rela- 
tive state of the endothyroid stage 
lies in the increase in regularity or 
symmetry as the endothyroid portion 
progresses towards extinction. 

That this stage of the microspheric 
form, composed of ten or more plani- 
spirally coiled spherical chambers, 
should not be confused at all with 
the endothyroid stage of the primi- 
tive forms is clear, not only from the 
nature of that portion alone but 
from a consideration of the whole 
test. While Schubertella only includes 
forms with a four-part wall, and pos- 
sibly a three-part wall, it does not in- 
clude forms in which the wall is but 
two-part. The microspheric stage is 
found in forms possessing the two- 
part wall, as well as in forms possess- 
ing the four-part wall and shows little 
or no difference between the two. 

The proloculum of Schubertella is 
not minute, like that of the micro- 
spheric individual, especially if the 
small size of Schubertella is taken 
into consideration. The microspheric 
individual is larger than the megalo- 
spheric individual of the same species, 
the divergence increasing upwards 
with the general increase in size of 
all forms. There are few, if any, adult 
specimens of any of the more ad- 
vanced genera as small as the adult 
of Schubertella. The primordial stage 
of Schubertella involves only a few 
endothyroid chambers, all of which 
are rather irregular and not perfectly 
spherical, in contrast to the micro- 
spheric primordial stage. The pro- 
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loculum of Schubertella is much 
larger than the immediately suc- 
ceeding endothyroid chambers, while 
the microspheric proloculum is very 
little larger than the next succeeding 
spherical chambers. Where Schuber- 
tella has been found by me, it occurs 
in great abundance, which contrasts 
with the marked rarity that we ex- 
pect and find with regard to numbers 
of microspheric individuals. It would 
not do to say that the finding of 
abundant shells called Schubertella 
are exceptional cases in which there 
is great abundance of microspheric 
individuals, for the small size of the 
individuals and the relatively large 
size of the proloculum is in contrast 
to all cases of bona fide individuals of 
microspheric form. As a matter of 
fact, the infrequency of finding 
Schubertella is probably largely due to 
its small size, and it is mistaken for 
the young of accompanying forms of 
Fusulina, full-grown specimens of 
which are naturally selected for sec- 
tioning. On the other hand, it is 
obvious that the microspheric in- 
dividual, because of its larger size 
and, at least among the lower forms, 
its greater tumidity, is singled out 
for sectioning more often than its 
relative abundance would warrant. 

Thompson's discovery of the mi- 
crospheric form of Fusulina, to which 
he attaches the name Fusulina? 
problematica, is unique, principally 
because of its apparent abundance. 
Though I have made no detailed 
study of his species, I am of the opin- 
ion that they are the microspheric 
form of his Fusulina kayi, with 
which it is found. Though more 


tumid, Thompson's  microspheric 
form is given as smaller. This js 
possibly due to the fact that the 
smaller number of available speci- 
mens has resulted in failure to find 
gerontic forms such as have been 
found in the case of F. kayi. The 
listing of fewer volutions for the 
microspheric form to some extent 
supports this contention. It is also 
interesting to note that Thompson 
referred this microspheric form ‘‘very 
doubtfully”” to the genus Fusulina, 
because in his opinion it possessed 
characteristics used as distinctive of 
both Fusulina and Fusulinella, a 
distinction of genera which for like 
reasons is not recognized by me. 
Apparently because he is not ac- 
quainted with microspheric indi- 
viduals among the lower group of the 
Fusulinidae, Dunbar has stressed the 
lack of chomata and thus absence of 
the tunnel in his microspheric in- 
dividuals, indicating that this had 
some bearing on the validity of the 
classifications adopted by _ other 
workers as contrasted with his. I fail 
to see what contradiction there is in 
this point, when it is noted that the 
microspheric individuals illustrated 
here possess the chomata and there- 
fore the tunnel, differing in no vital 
particular from the chomata or 
tunnel in the megalospheric indi- 
viduals. Further, chomata and tunnel 
are present in all individuals of 
Schubertella examined by me. In the 
one discovered microspheric speci- 
men of Schwagerina, the chomata 
and tunnel were present in the early 
stages and absent in the later stages, 
just as in the case of the megalo- 
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spheric individual of the same spe- 
cies. Doctor Dunbar has informed me 
that this is the case in at least one of 
his specimens. 

According to my opinion, the ques- 
tion of presence or absence of cho- 
mata, as stated above, is in no way 
changed by evidence supplied by the 
microspheric individual as against 
that of the megalospheric. It is 
merely the loss of depositional ma- 
terial in the group as a whole, occur- 
ring, first, with the loss of the tec- 
toria, later in the loss of the chomata, 
and lastly, with the loss of the keri- 
otheca. 

It may be that the planispirally 
coiled spherical chambers of the mi- 
crospheric individual can be looked 
upon, at least in part, as evidence of 
recapitulation, commonly regarded 
by some as a characteristic feature of 
the microspheric form. 

Two thin-sections show the pres- 
ence of a series of planispirally coiled 
spherical chambers, like those of the 
primordial stages of the micro- 
spheric individual of a fusulinid, 
within the chamber cavity of a 
megalospheric individual. Both of 
the specimens in which these were 
found belong to the genus 7 riticites. 
These represent the embryonic stage 
of two  microspheric individuals 
within megalospheric adults. If my 
interpretation of these specimens is 
correct, it practically establishes the 
conclusions of this paper as a whole. 
The same doubt which confronted 
me when I first considered the possi- 
bility that these were microspheric 
individuals within the megalospheric 
host has doubtless occurred to the 


reader as well. Common conception 
of the megalospheric form is that it 
possesses a single nucleus. Nucleoli 
appear in increasing numbers with 
growth, the nucleus finally breaks 
down and a great number of nuclei 
appear. These draw to themselves 
portions of the protoplasm and then 
divide by mitotic division, leaving 
the test in the form of zoospores, the 
supposed conjugation of these zoo- 
spores giving rise to the microspheric 
individual. This has yet to be proven 
by observation and does not account 
for the great scarcity of microspheric 
individuals. This conception immedi- 
ately calls for explanation of the 
occurrence of a microspheric embryo 
within the shell of a megalospheric 
adult. While I do not feel competent 
to answer this question with com- 
plete satisfaction, some reasons for 
the conclusion that it is the micro- 
spheric individual within the megalo- 
spheric can be given. 

There is no question as to the 
megalospheric host, nor is the em- 
bryo in any way different from that 
which would be expected in an em- 
bryo of a microspheric individual of 
the same species, and in each case an 
alternation of generation is present 
within the single slide. 

At any rate, what is here called 
the embryonic individual of the 
microspheric form, if it results from 
conjugation of zoospores, resulted 
from conjugation of zoospores within 
the megalospheric host for the simple 
reason that its proloculum alone is 
too large to have gained entrance 
through the perforations or even the 
so-called pores of the test, providing 
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the megalospheric individual had 
“spores.’’ This naturally follows be- 
cause of the fact that 77riticites has 
no external aperture, or in other 
words, no aperture at all. For proof 
of lack of external aperture, the 
reader is referred to my work on 
Some Texas Fusulinidae. It is much 
simpler to accept the conclusion that 
the zoospores originated in the mega- 
lospheric individual than to ask 
that they be imported into the living 
protoplasm of this megalospheric in- 
dividual from another individual. 
That the form here called the micro- 
spheric embryo did develop in the 
living megalospheric host is obvious 
from a consideration of the thin-sec- 
tion, where it occupies the third from 
the last whorl. If this were not true, 
and it had developed in the empty 
test of a dead individual, it would 
have broken the wall of the whorl 
in which it grew, and not have bent 
it, let alone causing the bowing or 
arching of the two succeeding whorls 


with which it did not come in con- 
tact. 

That the retention of the micro- 
spheric form within the megalo- 
spheric form is unnatural is also 
obvious from the testimony of this 
same section. However, the obvious- 
ness can only be applied to its reten- 
tion, not to its formation, within the 
test rather than outside. It seems 
likely that conjugation of zoospores 
outside the test is the usual condition 
and that the rarity of the micro- 
spheric form is due simply to the 
probability that such conjugation of 
zoospores to form the microspheric 
individual is a much rarer process 
than the gathering of protoplasm by 
nuclei to form megalospheric indi- 
viduals. 

Specimens of the lowest known 
Fusulina from the Marble Falls 
outcrop are particularly interesting 
and enlightening. Many of the speci- 
mens from this outcrop are beauti- 
fully preserved through silicification. 


EXPLANATION OF PLATE 20 
Fics. 1—Longitudinal section of a specimen of Triticites illustrating cytogamy, X18. Same 


specimen as Plate 18, fig. 9. 


2—Longitudinal section of a specimen of another species of Triticites illustrating rudimen- 
tary cytogamy, X40. Same specimen as Plate 18, fig. 10. 

3—Camera-lucida pencil sketch of a specimen of Fusulina primaeva (Skinner) illustrating 
cytogamy, X50. Same specimen as Plate 19, fig. 8. 

4—Longitudinal section of a specimen of a third species of Triticites showing rudimentary 


cytogamy, X21. 


5—Longitudinal section of a specimen of a fourth species of Triticites showing cytogamy, 
X16. This section was impossible to orient so as to see both proloculi properly. It is 
a median form between the rudimentary and the more advanced examples given. 

6—Longitudinal section of a megalospheric specimen of a species of Triticites in the sev- 
enth or last whorl of which can be seen the primordial stage of a microspheric indi- 


vidual, X41. 


7—Longitudinal section of a megalospheric specimen of another species of Triticites in 
the fifth or third from the last whorl of which can be seen the primordial stage of a 
microspheric individual, X38. In this section, in order to get as near orientation of 
both proloculi as possible, the section did not reach the center of the megalospheric 
individual, but went beyond the center of the microspheric (indicated by the 
elongate nature of the later chambers and that what appears to be the proloculum is, 
in fact, the proloculum plus one whorl of spherical chambers). Note the microspheric 
individual has grown enough to warp the walls of the host. 
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Because the perfection of preserva- 
tion has made the fibers so obvious, 
it was first identified as 7 riticites? sp. 
by one of the workers who believes 
that such structural characteristics 
do not develop until T7riticites is 
reached. Much of my material was 
supplied by Mr. Norman L. Thomas, 
who identified the specimens as 
Fusulina primaeva (Skinner). At the 
time, Mr. Thomas referred specimens 
to Doctor Dunbar, who considered 
them as belonging to Fusulinella. 
However, Mr. Skinner called them 
Fusiella. Not recognizing Fusulinella 
or Fusiella, 1 concur with Mr. 
Thonias. As to presence of a three- 
part or four-part wali, I agree with 
Thomas and Dunbar that it has the 
four-part wall and make such an 
interpretation even from Plate 30, 
fig. 9, used by Skinner in his de- 
scription of the species to illus- 
trate the existence of a three-part 
wall. 

Of the dozen or more thin-sections 
which I made of this species, two are 
included in the unusual fusulinids 
considered here. One has already 
been called to attention as showing 
cytogamy. Another (Plate 18, figs. 4, 
5, and Plate 19, fig. 4) is again pre- 
sented as a possible representation of 
recapitulation, or as a form which is 
neither Schubertella nor one that has 
yet developed to the true Fusulina 
stage. It is a much more difficult 
specimen to evaluate. Considered by 
itself, I should not hesitate to call it 
Schubertella. However, such a pro- 
cedure is questionable. If it were 
properly assignable to Schubertella, 
one would expect it to be in suff- 
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cient abundance that Mr. Thomas 
would have found specimens. Mr. 
Skinner does indicate that he found 
them by saying, ‘‘The present species 
does not possess an oblique nucleo- 
conch except in a few infrequent 
cases.”’ On the other hand, it is stated 
of Lee and Chen's genotype of Fusi- 
ella, F. typica, that the ‘‘first series 
of chambers are either endothyroid 
or irregularly rolled up around the 
proloculum.”” In my opinion this 
form is a Schubertella smaller than 
F. primaeva. Fusulina  primaeva 
(Skinner) is a somewhat more ad- 
vanced form in which rare specimens 
have a hold-over endothyroid nucleo- 
conch. This would not be at all 
startling if the natural scheme of 
classification accepted by me is fol- 
lowed, for F. primaeva is the lowest 
Fusulina known, and it is nearest to 
the horizon at which Fusulina first 
develops from Schubertella. lf we 
attempt to separate these Marble 
Falls specimens into Schubertella and 
Fusulina, we face the rather discon- 
certing situation of being unable to 
employ in our description unsec- 
tioned specimens of either, as it 
would be impossible to tell, without 
some unknown use of X-rays or the 
like, to which one of the two an un- 
sectioned specimen belonged. This 
difficulty is a common one in dealing 
with the transitional stages be- 
tween any natural subdivision. 

As to the three-part instead of 
four-part division of the wall, aside 
from the fact that observations by 
Thomas, Dunbar and me indicate 
the four-part division of the wall, 
simple logic supports the conclusion 
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of a four-part wall. The belief in the 
three-part as against the four-part 
wall is based on the assumption of 
the absence of the diaphanotheca in 
these particular forms. Is it not dif- 
ficult to picture the absence of the 
diaphanotheca when it is recalled 
that the diaphanotheca and the tec- 
tum form the middle portion of the 
Fusulina wall? This is especially true 
when it is remembered that the tec- 
tum is always very thin, even in much 
higher forms, and that the diaphano- 
theca plus the tectum is thinnest in 
the lowest forms. Also the tectum 
and diaphanotheca become thicker, 
both actually and in relation to the 
thickness of the whole wall, because 
of the gradual disappearance of the 
two outer depositional layers as the 
evolution of the group is followed 
upward through a transitional stage 
in which three parts are present (tec- 
tum, diaphanotheca, and only one 
depositional layer) to forms in which 
two divisions are present (diaphano- 
theca or keriotheca, and tectum), and 
still farther to a form in which only 
the tectum is left. Is it not more 
logical to assume that the observa- 
tions of Thomas, Dunbar and me are 
correct; that the extreme thinness of 
the diaphanotheca and the tectum, 
and particularly of the tectum alone, 
has resulted in the failure to recog- 
nize the tectum rather than the dia- 
phanotheca, and further, to separate 
the two? If not, we are faced with the 
additional dilemma of a progressive 
evolution in which we start with a 
thick tectum, progress backwards to 
a thin tectum and forwards again to 
a tectum increasing in thickness be- 
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yond any of the preceding ones, 
from a three-part wall to a four-part 
wall and back to a three-part wall. 

The specimen of Fusulina primaeva 
with the endothyroid nucleoconch 
also differs from the other forms 
which are recognized here as micro- 
spheric individuals. True, it has al- 
most, though not quite, the rarity 
of a microspheric individual, but it 
has the scarcity in numbers and ir- 
regularity of shape in its endothyroid 
chambers which contrasts so mark- 
edly with the primordial state of 
the microspheric individual. Though 
its proloculum is but 0.04 mm., while 
the accompanying specimens of F. 
primaeva range from 0.07 to 0.135 
mm., it is about twice the size of 
even the more advanced of the micro- 
spheric prolocula of individuals found 
in other species. It is not larger or 
more tumid than the other speci- 
mens of the same sample, whereas 
the microspheric individuals are 
larger than the megalospheric in- 
dividuals, and in the lower forms, 
more tumid. 

There is an interesting explanation 
of the discrepancy between the 
sketch of this specimen as first 
presented in 1932 and as presented 
here. In making a thin-section, one 
grinds it down to the middle of the 
proloculum on one side with little 
danger of losing the specimen. It is 
then turned over on the slide and 
ground to the required thickness. 
When it approaches the required 
thinness one is in danger of losing 
the section, especially if it is found 
necessary to reverse the specimen on 
the slide again. In the case of this 
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particular section, one does not 
realize the rarity of his find until he 
has practically completed the grind- 
ing of the first side. But in grinding 
down the other side to finish the sec- 
tion, he completes the section with 
less thinness than normally accept- 
able to avoid the danger of losing it. 
The result is that the poorer surface 
of the section lies under the thin 
cover-glass and the better side under 
the thick glass of the slide. Nor- 
mally, one almost invariably works 
with the slide with the cover-glass up. 
The sketch made in 1932 and the 
photograph were made with the 
cover-glass up, the last sketch with 
the cover-glass down, which ac- 
counts for the discrepancy. 

The rather unsatisfactory state 


of the thin-sections used in the ac- 
companying illustrations is due to 
the fact of the obvious difficulties 
involving orientation and preserva- 
tion of these characters, coupled 
with their extreme rarity, which 
leads to acceptance of a thicker sec- 
tion in most instances than would 
otherwise be admissible. The rarity 
of material may be judged somewhat 
by the fact that specimens showing 
the points discussed here numbered 
but fifteen in over four thousand 
thin-sections made by me. In order 
to make up for the difficulty in get- 
ting satisfactory results from unre- 
touched photographs, camera-lucida 
pencil sketches of the early stages of 
some of the specimens are also in- 
cluded. 
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RUDISTIDS FROM THE CRETACEOUS OF NORTHERN 
SANTA CLARA PROVINCE, CUBA 


M. G. RUTTEN 
Utrecht, Holland 


ABSTRACT 


Several faunas of rudistids collected in Cuba are reviewed, and the age of the sediments is 
ascertained to be Maestrichtian. Emended descriptions of Barrettia monilifera Woodward, 
Biradiolites cubensis Douvillé, and Plagioptychus antillarum (Douvillé) are given, and a new 


form, Chiapasella cubensis, is described. 


The material here described was 
collected in the first half of 1933, 
when a party from the University of 
Utrecht, Holland, under the leader- 
ship of Prof. L. M. R. Rutten visited 
Santa Clara province, Cuba, for geo- 
logical reconnaissance work. 

Large and easily recognizable ru- 
distids are a constant feature of the 
Upper Cretaceous layers in this part 
of the island and form one of the 
easiest ways of identification of these 
layers. There is, in previous litera- 
ture, a slight controversy as to the 
exact age of different Cuban faunas 
which, for this region, can be settled 
now. 

Douvillé (5) distinguishes five ho- 
rizons. The Maestrichtian should be 
characterized by Barrettia monilifera 
and Parastroma sanchezi, the Dor- 
donian by Titanosarcolites giganteus 
and Biradiolites cubensis, the Cam- 
panian by Barrettia sparcilirata and 
Antillocaprina occidentalis, the San- 
tonian by small rudistids of the gen- 
era Bournonia and Parabournonia 
and by Biradiolites lumbricoides, and 
finally the Turonian by Parabour- 
nonia hispida, Caprinula cubensis and 


Coralliochama antillarum. Boissevain 
and MacGillavry (1) adopt a Seno- 
nian (probably Campanian) age for 
the strata from Pinar del Rio prov- 
ince, Cuba, containing Barrettia spar- 
cilirata and Chiapasella_ radioliti- 
formis, and Palmer (9), without dis- 
cussing the question, gives a Maes- 
trichtian age for his Cuban rudistids. 

At localities L. 483 and H. 156 (the 
letters L. and H. indicating the col- 
lectors, respectively, L. M. R. Rutten 
and H. J. MacGillavry) we found 
Barrettia monilifera and Parastroma. 
These localities are in the immediate 
neighborhood and same geological 
series as locs. H. 153, H. 160 and 
L. 485, where we found foraminiferal 
faunas of Maestrichtian age (10) with 
Pseudorbitoides, Omphalocyclus and 
Lepidorbitoides, so that the Maes- 
trichtian age of these forms is es- 
tablished beyond doubt. At locality 
H. 550 Pseudorbitoides occurs with 
Barrettia monilifera, Torreites san- 
chezi, Biradiolites cubensis, Parabour- 
nonia hispida and Chiapasella cu- 
bensis, so that at least part of the 
forms considered by Douvillé to be- 
long to older layers occur in the 
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Maestrichtian. The same can be said 
of locality H. 169, where Barrettia is 
found with Biradiolites cubensis and 
the form called Coralliochama antil- 
larum by Douvillé, and about locality 
L. 543 where smaller forms of Bour- 
nonia and Barrettia occur together. 

In short, all the rudistid faunas 
collected by us belong to the Maes- 
trichtian. I have received through 
courtesy of the Bataafsche Petroleum 
My., however, a small collection of 
rudistids made by Dr. Tschopp from 
a point north of the road from Sagua 
la Grande to Quemado de Guiness, 
about five kilometers west of the first 
mentioned town. It consists of speci- 
mens of Sauvagesia that are not 
specifically determinable. As these 
forms yet possess a ligamental crest 
they might belong to older layers of 
the Upper Cretaceous, but the ma- 
terial is not sufficiently good to de- 
cide the question. 


SYSTEMATIC DESCRIPTIONS 
All specimens mentioned are in the 


collection of the Mineralogisch-Geolo- 
gisch Instituut, Utrecht, Holland. 


Genus ToRREITES Palmer, 1933 


TORREITES SANCHEZI (Douvillé) 
Text-figure 4 g 
Hippurites (Vaccinites) sanchezi DouviLtf, 


1927, Soc. Géol. a, Bull., (4), tome 

27, pp. 54, 55, pl. 4 
Torreites sanchezi PALMER, 1933, Rev. Agri- 

cult. Habana, vol. 14, no. 15, 16, p. 100, 

lam. 7, figs. 1, 2, lam. 8, figs. 'L, 2.—Mac- 

GILLAVRY, 1935, Akad. Wet., Amsterdam, 

Proc., vol. 38, no. 5, pp. 563, 564 

My specimens agree well with the de- 
scriptions of previous authors. The angle 
between L and the line connecting An, 
Pi and mp varies from 20° to 30°. The 
canals in the left valve are not the 
equivalent of those found with the other 
Hippuritinae, as they are situated in the 
inner shell layer. They communicate 
freely with the living chamber but not 
with the outside since the outer shell 
layer (‘capa delgada imperforada” of 
Palmer) is imperforate. 

Maestrichtian, Santa Clara province, 
Cuba. Hypotypes, Min.-Geol. Inst., 
Univ. Utrecht, Cb. 1933, 1-8, Pa. 1935, 
303. 


Genus BARRETTIA Woodward, 1862 
BARRETTIA MONILIFERA Woodward 
Barrettia monilifera Woopwarb, 1862, The 

Geologist, Oct., p. 372, 2 pl—DovuviLLf, 

1926, Soc. Géol. France, Bull., (4), tome 

26, p. 129, pl. 7, fig. 2. 

Barrettia sparcilirata DouviLLt, 1926, Soc. 
Géol. France, Bull., (4), tome 26, p. 128, 
pl. 7, te. 1. 

The specimens vary strongly in size 
and number of rays. Other characters, 
however, such as the location and form 
of teeth and apophyses, are constant, as 
is also the moniliform character of the 
rays. Boissevain and MacGillavry (1, 
p. 1306) thought the specimens of Bar- 
rettia sparcilirata of Douvillé to be 


Distribution of Species 


Localities 


H. 156 H.196 H.550 L.483 L. 543 


Torreites sanchezi (Douvillé)......... 
Barrettia monilifera Woodward. ...... 
Barrettia multilirata Whitfield. ....... 
Biradiolites cf. lameracensis Toucas. . . 
Biradiolites cubensis Douvillé...... . . 
Parabournonia hispida Douvillé.. . . . . 
Chiapasella cubensis Rutten, n. sp.. 
Plagioptychus antillarum (Douvillé) . . 
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nearly related to this form, but yet 
specifically distinct, for they have a 
smaller number of rays than the type 
specimens. Six of my specimens have the 
following number of rays: 39, 44, 55, 68, 
80, 82. With their gradual variation they 
include the forms of Douvillé as well as 
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long with strong foldings on the posterior 
side. E and S clearly marked, with three 
ribs between them. Anterior side not 
folded. The place of the cardinal ap- 
paratus is indicated by the sockets of the 
inner shell layer of the right valve that 
correspond with the teeth of the upper 
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Fic. 1.—Sketch map of localities mentioned in this paper. 


the type specimens, and specific separa- 
tion is unwarranted. 

Maestrichtian, Santa Clara province, 
Cuba. Hypotypes, Min.-Geol. Inst., 
Univ. Utrecht, Cb. 1933, 32-40. 


Genus BIRADIOLITEs d’Orbigny, 1847 


BIRADIOLITES cf. LAMERACENSIS Toucas 
Text-figure 4 7 


Biradiolites lameracensis Toucas, 1908, Soc. 
Géol. France, Mém. 36, tome 16, pp. 110, 
111, pl. 21, figs. 5, 5a. 


A short, conical form is placed in this 
species. The right valve is about 9 cm. 


valve. It is placed very high, the second- 
ary cavity being small. The left valve is 
small and flat. 

Maestrichtian, Santa Clara province, 
Cuba. Hypotype, Min.-Geol. Inst., Univ. 
Utrecht, Pa. 1935, 305. 


BIRADIOLITES CUBENSIS Douvillé 
Text-figures 2, 3 aj 


Biradiolites gubensis DouviLLt, 1926, Soc. 
Géol. France, Bull., (4), tome 26, pp. 129- 
131, text-fig. 1. 

This fossil was described by Douvillé 
from one specimen, a poorly preserved 
right valve. We found more and better 
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material so I can emend his descrip- 
tion. The species is very variable as to 
size and form, but some of its outer 
features are always discernible. The hori- 
zontal outline of the shell is roughly oval, 
the anterior and posterior sides being 
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some cases the disparity is not so great. 
All ribs and also the siphonal bands pass 
without interruption from the right to 
the left valve. Horizontal sections show 
an almost perfectly oval living chamber, 
with the cardinal apparatus well up, and 


Fic. 2.—External view of Biradiolites cubensis, anterior side, strongly ribbed. Natural size. 


gently curved. The posterior side is en- 
tirely covered by sharp ribs and infold- 
ings, E and S lying also on ribs and pre- 
senting an even surface that is only 
relieved by horizontal lines of growth. 
The number and size of the generally two 
or three ribs between E and S is variable. 
The anterior side shows no foldings. In 
vertical outline the shell is gently curved, 
convex at the posterior and plane at the 
anterior side. The right valve is invari- 
ably the larger, being commonly about 
four times the size of the left valve but in 


the secondary cavity a good deal the 
smaller. The teeth correspond with 
sockets formed by the infoldings of the 
inner shell layer of the lower valve. 
Douvillé gives Py shorter than Ay. This 
is no constant character, however, as my 
drawings show. Moreover, owing to the 
slight curvature of the test it is not 
possible strictly to define a horizontal 
section. The cardinal apparatus has one 
striking and constant feature. In making 
different horizontal sections through the 
same shell one observes that in the 
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neighborhood of the commissure both Pir 
and mp are drawn away from the pe- 
riphery. Higher up the apparatus 
stretches outward again, to unite with the 
upper valve. 

The species is certainly related to B. 
lameracensis but differs in its larger size, 
the form of the living cavity and its 
horizontal outline, which is oval, and by 
the last mentioned feature of the cardinal 
apparatus. 

The curvature of the test together with 
the non-costate anterior side suggest that 
the animal lay on this side and not at- 
tached at the tip of the lower valve. 
According to Douvillé (3, pp. 417, 418) 
this indicates that the animal lived in 
deep water. For the Cuban specimens 
this certainly was not the case, as in 
several faunas we find this species to- 
gether with orbitoids in reef-facies. 
A more acceptable explanation is that 
these forms are adapted to living in the 
surf, where a large plane of support and 
the curved posterior surface offering 
little resistance to waves are advantages. 

Maestrichtian, Santa Clara province, 
Cuba. Hypotypes, Min.-Geol. Inst., 
Univ. Utrecht, Cb. 1933, 9-16, Pa. 1935, 
306. 


Genus Bournonla Fischer, 1887 
BOuURNONIA sp. 
Text-figure 4k 


This is a neat little form with strong 
ribs, those of E and S being exceptionally 
broad. The cardinal apparatus is high up 
and the teeth are connected by a bridge. 
I am not aware of any Bournonia with 
these characters of small size and strong 
foldings, but the material is insufficient 
to make sure statements. 
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Genus PARABOURNONIA Douvillé, 
1927 


PARABOURNONIA HISPIDA Douvillé 
Text-figure 4b 


Parabournonia hispida DovuviLLft, 1927, Soc. 
Géol. France, Bull., (4), tome 27, pp. 55, 
56, pl. 4, figs. 2, 3. 


Embedded in hard limestone and only 
to be studied in sections are small ru- 
distids of variable shape that are very 
similar to small forms of Bournonia. 
There is no trace of a ligament and the 
cardinal apparatus is not preserved. The 
shell shows clearly a denticulate struc- 
ture which is the criterion for identifica- 
tion of the genus. The general size ac- 
cords with that of P. hispida and there- 
fore I have placed all specimens in this 
species, as the variations in form seem 
to be purely accidental. In the mean- 
time, however, I am not satisfied that the 
genus isa valid one. The “structure denti- 
culée’’ certainly is an easily recognizable 
feature, but in several specimens of Bira- 
diolites cubensis we have found the same 
structure, not all over the shell, but 
locally. In my opinion this is inter- 
mediate between the striated and the 
cellular structure and should then not 
be a character of generic value. Douvillé 
(2, p. 23) comes to the same conclusion 
with regard to the genus Radiolites 
where he enumerates forms, ‘‘normale- 
ment striées, sémistriées et réticulées 
presque tout entiére.”” The forms then 
should belong to the genus Bournonta 
and the only reason for my continuing 
to name them Parabournonia lies in the 
fact that my material is too poor to de- 
cide whether the genus is valid or not; 
and in case it is not, whether the species 


Fic. 3.—Sections of Biradiolites cubensis, X0.5. a-f, Horizontal sections through the same 
individual. Starting with fig. a, lowest down, the tooth Ar is longer than Py; in fig. ¢ 
both teeth are united by a bridge; in fig. e, near the commissure, Py; and mp are drawn 
away from the periphery, at y with infoldings of the upper valve; fig. f shows mp 
in articulation with part of the left valve, sectioned at x. Figs. g—j represent similar 
sections through a second specimen, fig. g showing only two ribs between E and S, 
while fig. j shows Py; and mp drawn away from the periphery. 
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is a valid one or perhaps synonymous 
with an older species of Bournonia. 

Maestrichtian, Santa Clara province, 
Cuba. Hypotypes, Min.-Geol. Inst., 
Univ. Utrecht, Cb. 1933, 28, 29. 


Genus CHIAPASELLA Miillerried, 1931 


CHIAPASELLA CUBENSIS Rutten, n. sp. 
Text-figures 4a, e, h, / 


This species is rather variable in size 
and form. It is small, never attaining a 
height of 10 cm. The right valve is short- 
conical, the diameter being about as 
great as the height, and has several ribs. 
E and S lie on two adjacent ribs, but the 
number and size of the other ribs is vari- 
able. The position of E and S is clearly 
seen in a horizontal section, where there 
is a marked difference in the lines of 
growth, resulting in thick lines of calcite 
cutting through the ordinary cellular 
structure. This agrees with Miillerried 
(7, figs. 1-5), who places the siphonal 
bands of C. radiolitiformis on _ ribs. 
Boissevain and MacGillavry (1, fig. 6) 
for the same species place E and S on 
two of the infoldings. This cannot be 
right as there is nothing that distin- 
guishes these particular two infoldings 
from the other ones. The present species 
has a number of infoldings, always more 
than one and less than sixteen. Their 
character differs from those described in 
C. radiolitiformis for they are much 
shallower and in most cases the cortical 
layers of both sides do not even meet, 
as in radiolitiformis, forming there a 
structure resembling a pillar of Barrettia. 
The cardinal apparatus consists of two 
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teeth, connected by a bridge and two 
myophoral apophyses of which the an- 
terior is very long and irregular in out- 
line. 

The left valve is convex with a low 
apex. The two ribs corresponding to E 
and S extend on the upper valve but 
there is no other ornamentation. The 
commissure is almost plane, only slightly 
dipping towards the posterior side. The 
canals have the same form as in the type 
species. 

This species is to be recognized by its 
small size, conical form and the nature of 
the infoldings, together with their num- 
ber which is intermediate between that 
of the two known species, C. radioliti- 
formis and C. bermudezt. 

Maestrichtian, Santa Clara province, 
Cuba. Holotype, Min.-Geol. Inst., Univ. 
Utrecht, Pal. 1935, 304. Paratypes id. 
Cb. 1933, 22, 23. 


Genus PLAaGioptycHus Matheron, 1842 
PLAGIOPTYCHUS ANTILLARUM (Douvillé) 


Text-figures 4c, d, f, 7 
Coralliochama antillarum DovuviLLe, 1927, 

Soc. Géol. France, Bull., (4), tome 27, 

p. 53, text-fig. 2. 

This fossil was described by Douvillé 
from upper valves only and was reckoned 
to belong to the genus Coralliochama, as 
the author could distinguish two separate 
systems of canals in this valve. Miilleried 
(8, p. 178) drew attention to the fact that 
the structure of the canals differs from 
that in Coralliochama. 

We found specimens with both valves. 
The right valve is long, straight, conical, 


Fic. 4.—Structures of rudistids. a, e, h, 1, Chiapasella cubensis Rutten, n. sp.; a, enlarged view 
of infolding (s, outer cortical layer, ¢, inner shell layer), 3.8: e, horizontal sections 
of paratypes, showing strong variation, X0.5; h, horizontal section of right valve of 
type specimen, showing cardinal apparatus, cellular structure of the shell, lines mark- 
ing E and S and the infoldings, X 2.3; /, external view of anterior side of type speci- 
mens, X0.7. 6, Parabournonia hispida Douvillé, horizontal and slightly oblique sec- 
tions of different specimens, X0.5. c, d, f, 7, Plagioptychus antillarum (Douvillé); 
c, f, enlarged view of left valve to show the form of the canals and the irregular cavi- 
ties, X 2.3; d, external view of eroded specimen with straight, conical right valve with 
thin shell, and curved left valve with thick shell layer, canals of left valve indicated, 
X0.6; j, horizontal section of left valve, showing position of canals and irregular 
cavities, the living cavities, ligamental crest ZL and part of the dental apparatus, Pu 
and mp, X0.9. g, Torreites sanchezi (Douvillé), oblique section through shell of left 
valve, with outer imperforate layer, and with canals of inner layer opening into the 
living chamber (below), full size. i, Biradiolites cf. lameracensis, Toucas, horizontal 
section, X0.5. k, Bournonia sp., horizontal section, X1.8. 
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and has a thin outer layer without canals, 
so that the species belongs to the genus 
Plagioptychus. The left valve is small, 
low and curved. The cortical layer is of 
varying thickness, thickest near the liga- 
mental crest. In the inner shell layer 
canals are developed with the exception 
of the dorsal side of the test. The canals 
are of different lengths, the larger ones 
broadening toward the end. Besides 
these canals we see in various parts of the 
shell rounded irregular cavities, the 
second system of canals of Douvillé. 
They are distributed irregularly and are 
not to be confounded with the canals, as 
they are not continuous throughout the 
valve. This is best seen in different hori- 
zontal sections of the same individual. 

The cardinal apparatus is badly pre- 
served. Py; and mp are discernible, Ai 
and ma probably much smaller. 

The species is characterized by its 
long, slender, conical right valve, which 
is not curved, and by the irregular cavi- 
ties in the upper valve. The second 
character shows strong individual varia- 
tion. 

Maestrichtian, Santa Clara province, 
Cuba. Hypotypes, Geol.-Min. Inst., 
Univ. Utrecht, Pal. 1935, 307, Cb. 1933, 
30, 31. 
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PALEONTOLOGICAL NOTES 


OSTRACODA OF THE GENUS EUCYTHERE FROM THE TER- 
TIARY OF MISSISSIPPI 


HENRY V. HOWE 
Louisiana State University, Baton Rouge, Louisiana 


In a recent number of this Journal, C. I. 
Alexander! recorded the occurrence of a spe- 
cies of the ostracode genus Eucythere from the 
Midway Eocene of Texas. The writer is here 
describing three additional Tertiary species 
from Mississippi; one from the lower Jackson 
Eocene, one from the Byram mar! division of 
the Vicksburg Oligocene, and one from the 
Miocene (?) lower Chickasawhay member of 
the Catahoula formation. The Byram species, 
at least, is of rather wide distribution in the 
states east of the Mississippi River and should 
prove a good guide fossil. 


Suborder Popocopa Sars 
Family CyTHERIDAE Baird, 1850 
Genus EucYTHERE Brady, 1866 


EUCYTHERE WOODWARDENSIS, Howe, n. sp. 
Text-figures 1, 3, 7 

Carapace moderately inflated, in side view 
subtriangular, the ventral margin being 
straight, the dorsal margin nearly so, the 
dorsal and ventral margins approaching each 
other at the subacute posterior end, the an- 
terior end broadly and obliquely rounded. 
Greatest height in front of the middle at the 
angulate anterior cardinal angle. Viewed from 
above, the outline is lenticular, the anterior 
extremity being slightly sharper than the pos- 
terior. The left valve is larger than the right 
and overlaps it along the dorsal, posterior and 
ventral margins; the greatest overlap being at 
the anterior cardinal angle. Surface smooth, 
polished, semi-transparent, showing a number 
of large, normal pore canals. Viewed from the 
inside, the valves are deep, smooth, flanked 
by a wide marginal area, widest at the an- 
terior end. The line of concrescence lies mid- 

! Alexander, C. I., Ostracoda of the Mid- 


way (Eocene) of Texas: Jour. Paleontology, 
vol. 8, p. 227, pl. 33, fig. 15, 1934. 


way between the inner and outer margins 
around the posterior end and around a por- 
tion of the anterior end. The radial pore 
canals are very fine, widely spaced, but fairly 
numerous around the anterior end. Ten or 
more are visible around the ventral side, but 
none appear on the posterior end. The middle 
of the ventral margin of each valve bears a 
slight flange. The hinge of the left valve con- 
sists of an elongate sharp bar, separated from 
the dorsal margin by a faintly incised line. 
At either end of the bar there is a shallow 
socket just below the dorsal margin. The 
hinge of the right valve is much more delicate 
than that of the left and consists of a faint 
groove in the edge of the dorsal margin. The 
muscle scar pattern is characteristic of the 
genus and consists of an oblique row of four 
small spots, in front of which is a larger, 
crescent-shaped spot. 

Dimensions of holotype No. 1101, from the 
Byram marl on the west bank of the Chicka- 
sawhay River, one-fourth of a mile west of 
Woodwards, Wayne County, Mississippi: 
Length 0.49 mm., height 0.30 mm., thickness 
0.24 mm. Paratype No. 1099 (collected by 
B. W. Blanpied), a left valve from the Byram 
marl on Leaf River, 44 miles southwest of 
Sylverina, Mississippi: Length 0.68 mm., 
height 0.41 mm. 

This species is about the same size and 
shape as most species of Cytheridea and seems 
to replace that genus in many Byram marl 
samples. The writer has it in his collections 
from numerous localities from Vicksburg, 
Mississippi, on the west to Murder Creek, near 
Castlebury, Alabama. 


EUCYTHERE CHICKASAWHAYENSIS 
Howe, n. sp. 
Text-figure 2 
Carapace in side view subtriangular, the an- 
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terior end being obliquely rounded, produced 
below. The ventral margin nearly straight, 
dorsal and ventral margins converging strong- 
ly toward the posterior, which is narrow and 
obliquely rounded. Greatest height just in 
front of the middle and greatest thickness just 
behind the middle. The surface is delicately 
sculptured with a coarse pattern of reticula- 
‘tions. These reticulations are more or less ir- 
regular except on the ventral slope where they 
tend to produce a series of longitudinal stri- 
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hinge of the right valve consists of an elon- 
gate, narrow bar, separated from the dorsal 
margin by a faintly incised line. Above the 
anterior end of this bar there is a short, nar- 
row socket. The muscle scar pattern consists 
of three oval spots in an oblique row, in front 
of which is a larger, heart-shaped spot. 
Dimensions cf holotype No. 1100 (ma- 
terial collected by B. W. Blanpied), from the 
lower Chickasawhay member of the Miocene 
Catahoula formation on the bank of Buca- 


7 


Fics. 1, 3, 7—Eucythere woodwardensis Howe, n. sp. 1, Left valve; 3, dorsal outline; 7, latera 


view, right valve. 


2—Eucythere chickasawhayensis Howe, n. sp. Right valve. 
4-6—Eucythere lowei Howe, n. sp. 4, Dorsal outline; 5, right valve; 6, left valve. 


All figures approximately 37.5 


ations. There are a few widely spaced, small, 
normal pore canals. Viewed from the inside, 
the carapace is moderately deep, flanked by 
the marginal area, which increases in width 
from the posterior to the anterior end, widest 
in the lower part of the anterior end. The line 
of concrescence lies about midway between 
the inner and outer margins around the an- 
terior extremity. There are about fourteen 
widely spaced, radial pore canals around the 
anterior end; on the posterior end there are 
three canals which radiate in a fan-shape from 
the posterior extremity of the inner margin 
and one single canal just above that. The 


tanna Creek, approximately at the center of 
the SW. } of sec., T. 8 N., R. 5 W., Wayne 
County, Mississippi: Length 0.54 mm., height 
0.32 mm. 

The description of the species is based on 
two right valves. It is closely related to 
Eucythere woodwardensis. If differs from that 
species in outline, in surface ornamentation 
and in shape of the muscle scars. 


EUCYTHERE LOWEI Howe, n. sp. 
Text-figures 4-6 


Carapace delicate, slim, gracefully tapering 
from the anterior cardinal angle to the sub- 


SAS, 
3 45° 
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acute posterior. The hinge-line is straight 
with a very faint angulation at the posterior 
cardinal angle. Viewed from above the cara- 
pace tapers gracefully to either extremity. The 
ventral margin gently concave and the an- 
terior end broadly and obliquely rounded. 
Greatest height at anterior cardinal angle; 
greatest thickness at about the middle. Sur- 
face smooth and polished, transparent and 
marked by a few large, widely scattered nor- 
mal pore canals. Left valve slightly larger 
than the right and overlapping only at the an- 
terior cardinal angle. Viewed from the inside, 
the valves are regularly depressed to the 
center, flanked by a marginal area, which in- 
creases in width from the posterior to the an- 
terior end. Widest near the anterior extrem- 
ity; the line of concrescence lies between the 
inner and outer margins on either end, being 
closer to the inner margin. There are a few 
delicate, widely spaced radial pore canals at 
the anterior end and three delicate, closely 
spaced canals at the posterior extremity. The 
hinge consists of an elongate, narrow, sharp, 
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slightly sinuous bar in the left valve, at either 
end of which there is a narrow depression. In 
front of the anterior depression, the dorsal 
margin is thickened and projects strongly. 
The hinge of the right valve consists of two 
faint projections of the dorsal margin at the 
cardinal angles, between which points the dor- 
sal margin is depressed and faintly grooved. 
The muscle-scar pattern consists of four spots 
in an oblique row, the ventral spot being 
arcuate. In front of this row there is a larger 
spot, which is more or less crescent-shaped. 

Dimensions of syntypes No. 1111 (ma- 
terial collected by R. B. Grigsby), from the 
lower Jackson Eocene on the west side of 
Pachuta Creek, 6 miles south of Pachuta, 
Mississippi: Left valve, length 0.42 mm., 
height 0.23 mm.; right valve, length 0.42 mm., 
height 0.21 mm.; complete specimen, length 
0.41 mm., height 0.23 mm., thickness 0.17 
mm, 

Named for Miss Louise Lowe, Librarian of 
the School of Geology, Louisiana State Uni- 
versity. 


MAKING PRINTS OF FORAMINIFERA 


L. A. J. BAKX 
Leiden, Holland 


Print-making by means of collodion films 
is becoming more and more popular in biolog- 
ical and paleozoological research (1). 

Dr. I. M. van der Vlerk was the first to 
adapt this method to foraminiferous rocks. 
He writes concerning it as follows: 


In the last few years I have sometimes substi- 
tuted for sections celluloid-preparations, simi- 
lar to those used by Walton and Koopmans in 
palaeobotany, except that the preparations 
were not laid in Canada balsam, as Walton 
did, but simply placed between two glass 
slips. The best results were obtained by using 
“Durofix,”” an ordinary commercial article. 
The advantages of this celluloid method are: 
(1) duplicates or triplicates can be made; (2) 
a series of preparations can be made from 
which the whole foraminifera can be recon- 
structed; (3) it is not necessary to sacrifice a 
large amount of the material as is unavoidable 
with thin sections; and (4) it costs less, both 
in time and money. (2) 


I made some experiments myself in the 
paleontological laboratory of the Delft Uni- 
versity, with the following results. 

I was most successful when using as solvent 
a mixture of 50 percent volume of acetone 
and 50 percent volume of amylacetate. In a 
solution of pure acetone the solvent evapo- 
rates too quickly, thus occasioning the forma- 
tion of bubbles. 

In making a print I used two solutions of 
different concentration, one of 1 gram of cel- 
luloid in 100 c.c. of solvent, with which to 
make the print itself, and a second one of 5 
grams of celluloid in 100 c.c. of solvent to 
strengthen it. 

To get a series of sections a special cement 
which does not dissolve in acetone is needed. 
The best results were obtained with brim- 
stone. It is easy to handle and easily washed 
away with carbon-disulphide. 
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For making a series the process is as follows: 
The object is cemented on a strip of glass by 
melting the brimstone on the glass and put- 
ting the object upon it. Then after a moment 
when the brimstone has become hard, the fos- 
sil is ground and the surface burnished and 


stripped off simply. Now the grinding, bur- 
nishing, and etching can be repeated a little 
farther on, so that a series of sections at any 
desired distance from one another can be ob- 
tained. The method here described is illys- 
trated by examples shown in Figure 1. 


Fic. 1—An example of sections in series, showing Discocyclina papyracea Boub. var. javana 
Verb., (a) near the top, (6) about halfway between the top and the equatorial plane, 


(c) in the equatorial plane. 


etched with simple diluted HCI (1/10 N). The 
time needed for the etching depends upon the 
nature of the rock, but 1 to 14 minutes is 
usually enough. The surface should be left to 
dry thoroughly, and then a thin layer of the 
first solution with 1 gram of celluloid should 
be poured upon it. As soon as this layer begins 
to grow opaque, a second one of the second 
solution should be poured upon it quickly, to 
prevent it dissolving and spoiling the first 
layer. Generally two layers of the second solu- 
tion will do. After that one should wait for 
an hour or two until the celluloid is sufficiently 
dried to form a cohesive film which can be 
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DR. CARL BURCKHARDT, 1869-1935 


Carl Burckhardt was born in Basel, Swit- 
zerland, in 1869. He studied sciences, espe- 
cially geology, in Switzerland, where one of 
his professors was the famous Albert Heim, 
who enthused Burckhardt to work in the 
Swiss Alps. This work resulted in his first 
geological publication and in his graduation 
as doctor of sciences. 


After his. graduation Burckhardt went to 
work for the Geological Service of Argentina, 
where he explored part of the mountains to 
the west, in territory of Argentina and Chile. 
The results in part were worked out by Burck- 
hardt in Miinchen, Germany, where several 
publications were finished under the guidance 
of the famous stratigrapher and paleontolo- 
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gist, Prof. K. A. von Zittel. Zittel impressed 
Burckhardt very much, and on his recommen- 
dation Burckhardt went to work in the Geo- 
logical Institute of Mexico, then under the 
directorship of José G. Aguilera. For thirteen 
years Carl Burckhardt worked in the field 
and office, his chief subjects of investigation 
being the Mesozoic stratigraphy and am- 
monites of several regions of Mexico. Al- 
though it should be mentioned that Dr. E. 
Bése during the same time made important 
contributions to the knowledge of the Cre- 
taceous fossils and stratigraphy of Mexico, 
it can be said that Burckhardt laid the 
foundation for the stratigraphy of the whole 
Mesozoic of Mexico. The very important 
work of Burckhardt under the directorship of 
José G. Aguilera was suddenly interrupted in 
1915, owing to the closing down of the Geo- 
logical Institute. From then on Burckhardt 
lived as a private citizen in Mexico City. He 
never went to the field again, but he con- 
tinued working on the Mesozoic ammonites 
and stratigraphy of Mexico, always from the 
broadest point of view. Zittel’s spirit was with 
him always. 

In 1930 Burckhardt, after eight years of 
study, organized his thorough knowledge of 
ammonites and stratigraphy in his very valua- 
ble ‘Etude synthétique sur le Mésozoique 
mexicain."’ This publication presents a syn- 


thesis of all that is known about the Mesozoic 
of Mexico, the detailed stratigraphy, the fossil 
content and the facies. This most important 
book brings the number of publications by 
Carl Burckhardt to 45. Afterwards he con- 
tinued to work on the Mesozoic of Mexico, 
but was suddenly stopped by an illness which 
after a few days caused his untimely death, 
on the 26th of August, 1935, at the age of 66 
years, 5 months. 

During his lifetime few scientific honors 
were bestowed upon him. A few years ago, 
Burckhardt was made an honorary member of 
the Society of Economic Paleontologists and 
Mineralogists, of the Schweizerische Natur- 
forschende Gesellschaft (Switzerland) and of 
the Sociedad Cientffica “Antonio Alzate”’ 
(Mexico), 

Burckhardt lived a solitary life after the 
closing of the Geological Institute in Mexico. 
He had few friends, but I think we who have 
had the privilege of knowing him will never 
forget his personality. Economic geologists in 
Mexico whose work is based on stratigraphy, 
as in the search for oil, should not and will 
not forget Carl Burckhardt’s fundamental 
work on the Mesozoic strata. In Argentina 
and Switzerland, too, his work has been of 
importance, 

F. K. G. Miillerried, Mexico 
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